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XXIX. ObfervatiortS made in Savoy, in' order to after tain 
the height of Mountains by means of the Barometer; 
being an Examination of Mr. De Luc’s Rules, deli-> 
vered in bis Recherehesfur les Modifications de l’At* 
mofphere. By Sir George Shuckburgh, Bart. F. R. S, 

Read May s and 15, T n the courfe of my tour into Italy in 
I777. ft 

• the years 1775 and 1776, I made 
fome ftay at Geneva; which being in the neighbour¬ 
hood of the Alps, and on that account a convenient 
home, induced me to make fome obfervations upon 
thofe mountains, which have been defervedly objects of 
attention to the moft incurious traveller. I was particu¬ 
larly defirous of verifying the experiments with the ba¬ 
rometer, in taking heights of different fituations; a 
method that has been long known to the ingenious, 
though but rarely pra&ifed, and capable of but little 
precifion till within thefe few years; and perhaps at pre- 
fent not fo generally' known as the convenience and 
utility of the method feems to require. I had provided 
myfelf with a confiderable collection of inftruments, or 
a kind of portable philofophical cabinet, which I had had 
Vol. LXVII. X x x made 
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514 Sir george shu ckb uRGH-s Obfervatibns 
made exprefsly in London and Paris, in order to make 
fuch experiments as might prefent themfelves to me en 
courrant ; and which, either from want of acquaintance 
with the fubjedt, want of time, or want of money, be¬ 
come rarely the objedt of travellers; but remain wholly 
unknown till princely munificence and philofophic zeal 
(of which we have a recent inftance) unite in producing 
them to the world. After the very celebrated and inge¬ 
nious labours-of Mr. de luc, farther inveftigation of 
the fubjedt of barometrical meafurement might feem 
unneceflary, if not invidious ; but, furniflied as I was 
with an apparatus every way fufficient for the inquiry, 
finding myfelf in the country which had been the fcene 
of his operations, and pofleffing fome fhare of his own 
zeal, I could not but gratify the curiofity I had to verify 
and repeat his experiments: if therefore iii the purfuit 
of this inquiry I Ihould be led to a conclufion fomething 
different from the refult of his own obfervations, I am 
convinced that this diftinguifhed obferver, of whofe 
candour and talents I have an equal opinion, will im¬ 
pute it wholly to a love for truth; as with me the 
precept applies as ftrongly to the philofopher as to the 
hiftorian, Ne quid falji audeat, ne quid veri non audeat 
dicere. 
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But to proceed. The inftruments I made ufe of in 
thefe operations were, two of rams den’s barometers (a *\ 
three or four thermometers detached from the barome¬ 
ters, whofe boiling and freezing points I had examined 
myfelf; an equatorial inftrument, the circles of which 
were about ieven inches diameter, made by rams den; 
a fifty-feet fteel meafuring chain; and three three-feet 
rods, two of deal and one of brafs, in order to examine 
and correct the chain, thefe latter .made by baradeele 
at Paris. Befides thefe I took with me a little bell-tent, 
which I found of great ufe, as it defended me from the 
wind and fun ; and I may remark, that the obfervations 
of the uppermoft barometer were made in the tent. 

My firft feries of obfervations I propofed to be on 
Mont Saleve^, one of the Alps, fituated about two 

(a) It may not be improper to remark, that the fpecific gravity of the quick- 
{liver of thefe barometers with 68° of heat was 13,61; the diameter of the 
bore of the tube 0,20 inch; and that of the refervoir 1,5 inch. 

(b) Mont Saleve extends near nine miles in length; is not quite 3300 foet 
in height above the Lake. That fide of it which is next Geneva is for the 
moft part a barren rock, the norfh-eaft end of it being almoft a perpendicular 
precipice; the other fide of the mountain is lefs rude, of a more gentle accli¬ 
vity, covered with trees, fhrubs, and herbage, as is alfo the top, where is fome 
of the fineft pallure in the world. It is inhabited only by a few fhepherds, who 
pafs the fummer months here with their cattle, in little miferable huts or 
barns: the remaining part of the year, Wz.*for about four or five months, it 
is covered with fnow. This mountain contains chiefly a calcareous {tone; 
and there is reafon to believe that there is an iron ore in it, at leall in fome 
parts of it, as a piece Mr. de luc, the brother, picked up near the fouth-wefl 
<end, I found, fenfibly afle&ed the magnet. 

X x x a 
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leagues fouth of Geneva, and precifely on the fame point 
where Mr. de luc had made his higheft or fifteenth fta- 
tion : this fpot I learnt from his brother, whofe civilities, 
both then and fince, I ihall frequently have occafion to 
remember and mention. 

The place where I meafured my bafe w*s in a field 
near the villages of Archamp and Neidens, not quite 
three miles in a horizontal Mne from the top of the rock 
whofe height was to be determined (fee the chart that 
accompanies this account). At the end of the bafe a 
I intended to place one of my barometers; and the other 
at the top of the rock, called the Pitton, at c; and with 
the above inftruments meafure the triangle abc. The 
angles were taken both on the horary circle, which was 
brought parallel to the horizon, and alfo on the azimuth 
circle of the equatorial inftrument; this made it, as it 
were, two different inftruments independant of each 
other. The angles were moreover doubled, tripled, and 
quadrupled, on each arch;.by this means the error of 
the center or axis of the inftrument vanifhed; the poffi- 
ble error in the divifions, in the reading off 7 , and in the 
coincidence of the wires in the telefcope (which magni¬ 
fied forty times) with the fignals placed at each angle of 
the triangle, was leflened in proportion to the number 
of times the obfervation was repeated; and finally the 


mean 
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mean of all was taken* The fame was done with each 
angle at a, b> and c, horizontal as well as vertical, viz. 
the elevation of c above a and b was taken; and alfo the 
deprelfion of a and B below c. The advantage of this 
method was,that the error of the line of collimation, the 
efiedt of refraction, and of the curvature of the earth’s 
furface, all became equal and contrary; by thefe means 
the little errors were diminifhed, and great errors abfo- 
lutely avoided f'K I (hall, however, beg leave to fet down 
the operation at length refpedting this one triangle, in 
order to lhew the precilion that may be expedted from 
fuch a geometrical procefs ; to remove the fcruples of 
thofe gentlemen who fufpedt that accuracy is only to be 
obtained by large quadrants; and laftly, to do juftice and 
fatisfadtion to the celebrated artift who invented and 
made this valuable inftrument. 

(c) I rouft acknowledge here, that the attraction of-the mountain creeps into 
the account uncorre&ed for, but only half of this quantity influences the mean 
refult, as at the top it was nothing, and at the bottom of the mountain it could 
not exceed io // in the direction ac, as I find from a rough computation, the half 
of which = 5" would give only four inches for the cor region. 


Deter 
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Determination of the Bafe. 


Ch. Ft. In. Temper. 

length of the bafe Aft (fee thfc'Chart) by the chain, 1 

firfttime, — — — J 55 10 0 7 * 

Ditto, fecond time, — — —- 55 9 9'f 76 

The mean, — — $5 9 10.87 73I 


Ft. In. m 

By frequent previous obfervationsl determined ( 4 ) the length r 

of the chain by compatrifon with the brafs ftandard .rod f 50 o o 60 
reduced to 6o° of heat, — — 


Correction for 13!° of heat from expanfion, — +0005 

Diameter of the pins or arrows, one of which was ufed afj 

each chain, and in fuch manner, that this correction be- > -f o o 16 
came always -f- — — r 


Correct length of the chain as it was ufed in meaforing the 1 

bafe, * — — — _ 6 ] 5 ° 0 21 

Multiply by the-number of entire chains in the bafe, — 55 


Add the parts of a chain. 


2750 n 55 
+ 9 10 8 7 


True length of the bafe, as it was meafured, — 
Correction for the defeCt of level, taken with an inftru- 
ment made on purpofe, each time the chain was placed, 


2760 to 4*2 
]■ — o 76^7 


The true horizontal diitance between a and b becomes, 2760 9 66 


Defer - 

(d) It may be required, to what precifion I could determine the length of 
«ny chain? I think certainly to within t&j of an inch, or of the whole 
length. The common Gunter’s chain of the ftiops is always fubjeCt to fpring 
and ftretch confiderably; mine was made of hardened fteel, on purpofe to avoid 
this defeCt. It however ftill preferred fome degree of elafticity, for when 
pulled with a force of about ten pounds, it feemed r 0,12 inch longer than 
when laid gently dn the floor without being ftretched at all: the affirmed length 
of the chain was fuch as feemed to me probable from a moderate tenflon in 

common 
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Determination of the angles by tbe equatorial. 



On the azimuth 

On the eqnat. circle, the 


circle. 

horary being converted 
into gradual divifiona* 

4 a by the id obfemtion — 

.tN 

d 

joey. 

0 / n 

- 58 28 30 

2 d, — — 

— 29 a 

- — 27 30 

3d, - ~ 

— 28 30 

- — 29 is 

4th, — — 

~ 3 ° l S* 

— 29 15 

4 taken four times over on the arch,. —< 

*33 54 IS 

- 2 33.54 3 ° 

The mean, — 

58 28 49 

58.28 371 

Eaftly, the mean of all 
ss 5 8° a 8' 43^' ~ at A. 

from the 

two circles 

JL b by theift obfervation, — — 

in 54 45 

- Ill 53 O' 

ad,. — - 

— Si 3 ° 

- — 52 30 

3 d, 

— 50 30 

“ —- 50 45 

& taken three times over on the arch, — 

335 36 45 

“ 335 3 6 15 

Mean, — — 

in 52 15 

- in 52 s- 

Mean of all from the two circles = 

i n° ■■'sal-'i-o* 


js a. at a* 


common ufing it. It may perhapf not be out ©f place to remark here* that the 
rods with which the chain was examined, agreed exaftly with the fcales of the 
barometers; at leaft the difference in ninfe* inches, taken in different parts of the 
&ale, did not appear to exceed n&rc of an inch. 

(e) The precaution in taking the inclination Of the drain every time,- if n the 
bafe be nearly a plain, as is the cafe in many meadows, feems to be unneceflary ; 
for this fame corre&ion, deduced from the inclination of the bfcfe obferved at 
A and b, comes out — 0,99 ihch, only 0,23 inch different, a quantity wholly 
iaeoDfiderable, 


C 
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4 c by the ift obfervation, *— 

Qa the wimuth 
circle. 

0 4 it 

9 39 0 

Oa the equtt. circle* 

0 t tt 

- 9 38 30 

ad, — — 

- 39 0 

- - 38 >5 

— ~ 

- 38 45 

- - 39 45 

4 taken four times over on the arch, — 

38 35 45 

- 38 34 45 

Mean, — — 

9 3? 5 6 i 

9 S® 4>I 


Mean of the two circles, =5 9 0 38' 48^" = t- at c. 


By ifttnil obfcmtlon. 


Asagte* finally eerreftcV. 


« A ** _ 

4 . at *» — — 5 8 28 43$ 

z. at b, — — in 52 10 

Z. at c, — — 9 38 48$ 

Sum of the three angles =: 179 59 42 

Taken from i8q o o 


I Thefe angles corre&ed by- 
adding 6 " to each {the 
Ufm df their errors, or 
defe& from 180 0 being 
become, 

Sum, 



Leaves the difference 
fum of the errors. 



It is "highly curious and fatisfa&ory to fee the amazing 
correfpoildency of thefe obfervations, made with an in- 
ftrument of only 3^ inches radius, whereon an angle of 
one minute is about equal — 3 inch; and I think we 
may fairly conclude, that the corre&ed mean refult of 
thefe pbfenrations is true to within 6 " or &"W\; which, as 


(f) I may have a future octafion to {peak of the accuracy of this inftrument 
for oftronoraical purpofes; but I cannot omit this opportunity of mentioning 
one, viz* in taking the latitude of the city of Amiens in Picardy, where I had 
thirteen obfervations by theftars and Sun, the mean of which differed 25" from 
the extremes, and only 3" from the refult of Mr. Cassini’s obfervations, 
iinade, I believe, with a nine-feet zenith feftor, as related in La MeridUnne de 
Jfarii vertfiU* 5 


may 
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may be proved hereafter, would occafion an error of 
only three feet in the diftance of the mountains, and 
feven inches in the height. I proceed next to the ver¬ 
tical angles* 


Determination of the inclination of the Jides ac, bc, and 
ab, with the horizon s the height of the eye at the in- 
Jirument being four feet above the ground. 


Altitude from below at a# 

o t it 


Inclination of ac, —* iO 33 2 

Correction for the part ofi 

the fignal which was? — 1 38 

obferved, ' 

Correction for the line of l ^ 
collimation, — * 

Correct for the refraCtion, — o 27 

True Altitudeof c from a, 10 29 58 


Dej>reflIoa from above at C. 

tew / /' 

to 29 18 

CorreCt for the fignal, — -f- 16 

for the line of cob J 


Jimatiptv 
— — for refraction. 


+ 59 

+ 27 


True deprefljon of a from c, 1031 O 
Arch intercepted between, 1 __ 
or curvatnre, m j 2 3 


True altitude Of c from a 
deduced from the obfer* 
vation at c, 


|io 28 30 


Mean corrected altitude of c from a = io° 29' 14' 


n(e) 


(g) If the computation were to be made from either of the obfervation* taken 
feparately, the difference would amount to only three feet in the height of c ; 
and this may either be in the correction of the line of collimation, the effeCfc 
of refraCtion, or in miftaking the part of the fignal that was obferved: for, 
whilfl I was gone to the top of the mountain, fome peafants poffhffed therofelves 
of the handkerchiefs I had fixed to the fignals below in order to have a 
confpicuous and determined point* 


Vol. LXVII, 
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Incli- 
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Altitude from below at 3. 


Depreflion from above at C. 


Inclination-of bc, — n 20 26 li 19 47 

CorreCt for the part of the! o CorreCl for the flgnal, —* — 59 

flgnal obferved, —• J 3 Error of collimation, — +59 

Error of collimation, — o 59 EfFeCt of refraCtion, — +26 

Correct for refraction, —*026 ———— 

--.. True depreflion of b from c, 11 20 18 

True altitude of c from B, 11 17 23 Arch intercepted, or cur -1 __ ' 

* ' ■ vature, — j 


vature, 


True altitude of cfrom b,*j 
deduced from the ob- > 


fervation at c. 


U 18 o 


Mean of the two, or corrected altitude of c from b 


= ii° 17' 4 if"- 


Altitude at a. 


Depreflion at x. 


jl of inclination of ab! ~ ^ 

thebafe, — J 7 Error of collimation, + 0 59 

Error, of the line of col -1 f ■ — ■ ■« 

limation, — / ^ Correa depreflion of a! g 

. ——— from By —» J 0 2 3 


o 27 4 
+ 0 59 


limation. 


CorreCt altitude of b from a, 026 x { Arch intercepted. 


— o 27 


Altitude of b from a de-*| 

duced from the obfer- > o 27 36 
vation at B, — J 


Mean of the two, or corrected altitude of b from a 
= o° 26' 49" w . 


(h) It fhould feem from thefe two obfervations, that the error'of the line of 
collimation had been attained too great; it has however, as I have before 
obferved, nothing to do with the mean refult: and this is, perhaps* one of the 
Left means of difcovering the error of collimation, and the very method Mr. 
DE Luc ufed, to adjufl: his level, though, as I have been informed by his brother, 
without taking into the account the eflfeCt of curvature, which, if his hori¬ 
zontal marks were 2000 feet diflant from each other, would amount to 20", and 
the error to half that quantity. 


5 


I have 
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I have thus, in a manner rather prolix, given a detail 
of the methods ufed to afcertain the quantity of the dif¬ 
ferent angles. It may be of ufe on a like occafion, and 
will at leaft ferve to determine within what limits the er¬ 
ror of the final refult may be expected to lye, as on the 
precifion of the geometrical operations all the compa- 
lifons of the barometrical ones depend. This procefs 
once mentioned will exempt me and the reader from the 
trouble a fecond time, when he is informed, that the 
fame fidelity and pains were employed (where the cir- 
cumftances would admit) in all the trigonometrical ob- 
fervations, of which the annexed chart is a fummary. I 
proceed now to the determination of the fides, the com¬ 
putations of which are too well known to enter into this 


paper. 

Side ab 

AC 

BC 


Feet. 

2760.8 

15286.4 

14041.7 

Feet. 
2835.07 
2806.27 
22.18 


Thefe with the angles give for the height of c above A, 
The height of c above b, — — 

The height of B above a, — — 


Thefe two added give the height of c above a, deduced from the! 2828.4c 

obfervation at b, — — — J 

But the height by a&tfal obfervation at A was, — —■ 2835*07 

Then the mean of the two, — —- — 2831.76 


which is probably within three or four feet of the truth, 

or about one foot in a thouiand. 

Y y y 2 


Having 
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Having thus the perpendicular height, as I think* 
very accurately afcertained, it remained for me to take 
the altitude of the barometer at each ftation a and c, and 
if poffible with equal precifion. Thefe obfervations it 
would be too tedious to fet down at length. I fhall, how¬ 
ever, premife the following particulars. Every obferva- 
tion of the barometer was triple; that is, the height was 
read off three different times, and the mean taken; but 
from once reading only I could be lure of the height to 
of an inch, exclufive of the error of the di'viffons, 
which in fome places might amount to that quantity; 
this the nonius would itfelf difcover and even corredl by 
eftimation. At every feries of obfervations the float at the 
bottom was readjufted, fo that 1 could conftantly be fure 
of an alteration of the weight of the atmofphere ex- 
prefled by 0.00,2 inch of quickfilver, if not of half that 
quantity. Finally, the difference of the two barome¬ 
ters (il was conftantly taken, after being left three-quar¬ 
ters 

* (7) It may be concluded, that this difference ftiould be conflant^and always the 
fame; but, from what caufe I know not, it did not appear fo to me. In my journal 
for the weather for 17 75, I find the following note: from a mean of feventeen 
obfervations between Auguft X2th and Sept. I. viz* before,, at, and after, my 
expedition to Mont Saleve and the Mole, I find the difference between my two 
barometers =1,0042 inch, N° 1* Handing the highefl;. in thefe comparifons* 
however, the extremes fometimes. differed from the. mean =,006. And in my 
pafiage over Mont Cenis, Dec*, i, barometer N° x. flood lower than N° 2, 

by 
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ters of an hour or more in the fame place, to acquire the 
true temperature of the air, and this before and after 
every expedition. The fractional parts of a degree on 
both the attached and detached thermometers were 
noted only by eftimation, but written down, to 1 oths, 
being more convenient in the. computation ; for I may 
feemark, that one-third of ». degree on. the attached ther¬ 
mometer is equal to about inch on the barometer; 
this attention, s therefore* to the fub-divifions of the de¬ 
grees became neceffary. I conclude, laftly, with pre- 
Ihming, that the-weight w of any column of air may be 
meafured with thefe barometers to ,oq8 inch, though all 
the errors fhould lye the fame way. 

Leaving Geneva about half pafi fix in the morning, 
Auguft 20th, I arrived at the place a of my bafe a little 
before eight; near to which there happened to be a 
fhepherd’s lioufe, in which I left one of my barometers 
(N° 1.) with a fervant, to examine and obferve it every 
five or ten. minutes for near nine hours fueceffively, 

fey —,013 inch: it is difficult to account for thisr May loth, 1776, at Rome, 
N° 1. Hood lowettby —* ,qoi. June 12th, at Naples, . N° 1. Hood loweft.by 
—,008,. Sept* io.th, in London, N° i* Hood higheft by. + ,oo6. Thefe 
apparent variations may polfibly. arife from fome alteration, in the frame?work 
©f the barometers through moiflutie, &c. 

(k<) ImuH not be underftood to mean, that the length of any .column of airs 
inay be meafured to an equal accuracy, even though our theory Ihould be per* 
fed;, this will be the fubjed of inquiry in its proper place* 

until 


2 



£2 6 Sif george shuck-burgh’s Obfervations 

until I returned; the windows and doors of the room, 
in which the inftrumetit was placed, being left open, by 
which means there was a free communication with the 
outward air, and the barometer not expofed to the Stin. 
The detached thermometer was hung on the window 
towards the north-eaft, where there was neither direct 
nor reflected heat from the Sun 01 . The two barometers 

( 1)1 have thought proper to mention this, as it is almoft the only circum- 
flance wherein my method of obferving differed from Mr. de j.uc’s, whofe 
thermometers (if I miftake not) were hung always in the Sun, and probably 
for this reafon, becaufe the column of the atmolphere between the two baro¬ 
meters, whofe mean heat is to be determined, is (if the Snn fhine) all expofed 
to the Sun. I have, however, always preferred hanging them in the fhade, 
and I give the following reafons: all fpurious and local heat from reflexion is 
more eafily avoided; no concentrated and falfe heat is acquired by the mountings 
and thence communicated to the tube, even though the bail fhould be infulated; 
and, finally, becaufe I fufpe£t the real temperature of the atmolphere In the 
Sun and in the fhade to be the fame, or at leaff infenlibly different. This may 
be thought to be advancing too much; but, to be fatisfied of the pofition, I made 
no lefs than four-fcore obfervations with four different thermometers of very 
different mounting, hung alternately expofed to the Sun’s rays, and fcreened 
from them by the fhade of a tree, in an open plain at fome diffance from the 
town of Geneva. The refult was, that my beft thermometer, with the ball 
infulated, differed only 2° in the different fituations; the others, more or lefs, 
as they were more or lefs conne£led with the frames in which they hung. One 
of them, inclofed in a glafs tube, rofe 12° higher than the true temperature, 
which was 77°* It fhould feem then, that the variety in the mounting occa« 
fioned this difference; and this effe& of the materials, of which the inftru- 
ment is made, cannot be wholly avoided, as the glafs itfelf, which conftitutes 
the ball of the thermometer, will acquire and contain more or lefs, in proportion 
to its thicknefs and opacity. If a thermometer were perfect, it would reflect 
all the rays that it receives. More might be added to corroborate this idea^ 
but it would fwell this note to an unwarrantable length* 


were 
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were here compared; and at a quarter after nine, begin¬ 
ning my walk, I arrived, not without fome fatigue, at 
the top of the mountain about noon. The view from 
thence was incredibly beautiful. Every object, that from 
Geneva was linking, from thence appeared with an ad¬ 
ditional effeCt. The mountains feemed higher and 
nearer; the plain appeared a more perfect level, the fmall 
inequalities from this height becoming infenlible; and 
a larger portion of the lake prefented itfelf: behind me 
an innumerable collection of naked points and precipices, 
all new objects, that from below are hid by the mountain, 
afforded frelh and molt aftonifhing ideas of this very 
lingular part of the creation. The clouds however (for 
it was a little hazy) unfortunately prevented my feeing 
Mont Blanc and the Glacieres, which were ftill farther 
behind. Some of the clouds were below me, and very 
near; exhibiting to me, at that time, a very lingular phe¬ 
nomenon of the thunder grumbling under my feet. I 
was occupied here between four and live hours with dif¬ 
ferent obfervations. The barometrical ones I am now 
going to relate; and I lhall at the fame time give the 
computations of them according to Mr. de lug’s me¬ 
thod, or rather according to Dr. horsley’S reduction of 
it to the fcales and meafures of this country (vide 
Philof. Tranf. vol. LXIV.) with this difference, that I 

have 
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have reckoned the equation for the expanfion of quick- 
ill ver =,00323 inch for every degree of Fahrenheit’s 
thermometer in a column of 30 inches, inftead of ,00312 
which Mr. de luc ufed; the former I had collected from 
fome of my own experiments made at Oxford in the 
beginning of the year 1773: this difference will not, 
however, oceafion an alteration in the refult of any one 
of my obfervations of more than five inches, and may 
therefore be confidered as of no account. Of the real 
value of this correction I lhall fpeak more hereafter. 

The barometer was fet up on the mountain at one 
o'clock, and left an hour and a quarter to acquire the 
temperature of the tent in which it was placed, before 
the firft regular feries of obfervation was taken. The 
fucceeding obfervations were made at intervals of near 
an hour each. I have ventured to fet down the height 
of the barometer to ,0001 inch; but this is only the 
mean from three or four readings off. It feems that the 
heat of the tent was confiderably greater than that of the 
external air; this, however, can only influence the ex¬ 
panfion of the quickfilver, lhewn by the attached ther¬ 
mometer, and not the preflure of the atmolphere. 
Laflly, the true difference in the height of the refervoirs 
of the two barometers, by comparifon with a and c, was 
found equal 2831.3 feet geometrically. 


Com- 



in order to af certain the height of Mountains, 5.29 


Comparifon of thefirjl feries. 


Obfervations at the top of the mountain at c. 


Barom. N° 2. 
above at c. 
In. Pts. 


Correft for the diff.of the 1 
2 attached therm. 5°.9, J 


25.7120 
162 


Therm. Therm, 

attached. detached. 

O o 

78.O 65,0 


Barometer at the top, 25.6958 Log. 4098621 
■ - .... below, 28.3951 Log. 4532434 

433.8.3 

Correft for 29°*7 of heat, — + 28.728 


Correft height in fathom, — «■» 462.541 

x 6 


Height in Englifh feet by the barometer, — 2775.246 
Height by the trig, method, — — 2831.3 


Difference, or error of the barometer re&tnr, — 56.1 


Obfervations below at a. 


Barom. N° 1. 
below at A. 
In. Pts. 
28,3990 

Corre£t for the diff. 1 __ 

of the barometer, J 89 


Therm. 

attached. 

e 

72.1 


* 28.3951 


Therm. 

detached. 

73-9 

65.0 heat at c. 

69.4 meati heat of the air. 

f Hand. temp, accordin 
***'• V to Dr. HORSLEY. 


-4 29.7 difference. 


A detached thermometer in the tent Hood at 7 2®, 
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Comparifon of the feeond Series. 


Obfervation at the top of the mount at c. 

Barom. N° 2. 
above at c. 
In. Pts. 
27.7025 

Gorreft for the Diff. of 1 
the two attached therm. J 3 

Therm. Therm, 

attached. detached. 

73.4 64.0 

Barometer at the top, 25.6975 

Log. 4098908 

Log. 453*669 

Difference, or fall of the \ „ ,, ^ T ™ f approx, height in 

quickfilver, - / ^926 Dtf.of Log. 432 - 75 * { gnglifh fathoms. 

Correct for 28°.8 of heat, — —■» + 27.787 

Corrected height in fathoms, —* 

— 460.538 

x 6 

Height in feet by the barometer 
■■■ .—-by the trig, method. 

2763.228 
— 2831.3 


Difference, or error of the barometer — 68.1 


Obfervation below at a. 

Therm. Therm, 
attached, detached. 

° o 

21.6 73.0 

64.0 heat at c« 

68.5 mean heat. 

39,7 ftandard temperature, 

-f- 28.8 difference. 

A detached thermometer in the tent flood at 69°. 
During thefe obfervations the wind was S.W.j the 
weather hazy, accompanied with a little thunder. 


Barom. N° i. 
below at a. 
In. Pts. 
28.3940 

Corre£l for the diff. \ _ 

©f barometer, J 39 


28.3901 
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Comparifon of the third feries. 
Observations at the top near c. 


Barom. N° 2. 
above at c. 
In. Pts. 
25.6900 

Corre& forthe diff. of die 1 g 

2 attached therm. i°.4, J 3 ® 

Barometer at the top, 25.6038 
. .——— below, — 20.3896 


Therm, 

attached* 

69.7 


Therm. 

detached* 

62.0 


Log. 4098283 

Log- 433*593 


*‘^958 Diff.ofLog.433,310 { A ‘K££ i S hti ” 
Correct for 27°,5 of heat, — — + 26.582 


Correct height in fathoms, — — 


459.892 
x 6 


Height in feet by the barometer, — 2759.352 

— by the trig, method, — 2831.3 


DifFerente, or error of the barometer 


.71,9 


Obfervations below near to a. 


Barom.N 0 I. 

Therm. 

Therm. 

below at a. 

attached. 

detached. 

In. Pts. 

0 

0 

28.3933 

71.1. 

72.5 

Correft for the diff. \ 


62.0 heat at c. 

«f barometer, J ^9 


67.2 mean heat. 

28.3896 


39.7 ftandard temperature, 

+ 27.5 difference. 


A detached thermometer in the tent flood at 65°. 


Z z z a 
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Thefe obfervations then feem to prove that the baro¬ 
metrical rules were a little defective as to the true ratio be¬ 
tween the gravities of air and quickiilver, viz. in the 
value of an inch of quickiilver in the torricellian tube, 
exprefled in inches of the atmoiphere with a given tem¬ 
perature. The firil companion gives for this error in 
defeat -19.8 feet in every 1000 feet; the fecond, 34.0 
feet; and the laft, 35.4 feet: the mean of the three is 
33.1 feet; and by fo much we may conclude that thefe 
rules, in greater heights alfo, will give the difference-of 
elevation too little, viz. by ~ nearly (m) . But it will be 
fair to make the experiment. 

(m) Left any fufpicion fhould arife of a difagreementbfctween the a&ual 
meafures taken by Mr. de luc and myfelf, I may obferve, that the mean refult 
of three obfervations, which I made independently of each other on the height of 
the Pitton or point c above the lake of Geneva, agree with the mean refult of 
Mr. de luc’s operation from the levelling and the quadrant, to lefs than twelve 
inches; a greater correfpondency than which cannot be expected: and this was 
the true reafon why I chofe the fame .fpot he had pitched upon. <c Le rocher 
H ifolty qui demine toute la montagne .” As a further confirmation, I Compared his 
ftandard fteel rod of twelve Paris inches, which his brother obligingly furnifhed 
me with, with my brafs one, and found twelve inehes on Mr. de luc’s rule 
was on my rule, with 71 0 of heat, — — 12,784Eng. inches. 

Corre&ion for the difference of expansion between! , 

brafs and fteel with 16® of heat, — —- J * 

Length of Mr; de luc’s French foot with 55 0 , — 12.7847 

True length of the French foot (vide Phil. Tranf.) 12.7890 

Error or difference from the true Paris foot — — >0043 = ssW nearly. 
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The Mole is a convenient, infulated mountain, 
fituated about eighteen miles eaft of Geneva, and riling 
near five thoufand feet above the lake, much higher 
than any body, that I know of, has ever made thefe ex¬ 
periments at, with the required precifion. On this fum- 
mit I determined to confirm or correCl my difcovery, and 
communicated my intentions to Mr. de saussure, a very 
ingenious gentleman of this place, and well Ikilled in 
various parts of natural and experimental philolbphy, 
who gaveme all the information neceffary, and obligingly 
promifed to accompany me, as did alfb Mr. trembley, 
afixftant to Mr. mallet, well known in the aftronomical 
world. This expedition was undertaken in the latter end 
of Auguft and beginning of September. I lhall here 
beg leave to fet the reader down at the bottom of the 
mountain, and flatter myfelf he will accompany me to 
the top. It was about five in the afternoon when we left 
St. Joire, a wretched little village at the foot of the moun¬ 
tain to the eaft, and where we had dined in a moft mi- 
lerable auberge , preparing to afcend the fummit on foot, 
being feven. or eight in company, including guides and 
fervants,, who carried my inftruments, provifions, &c.; 
the former confifting of the equatorial, the barometer, 
different thermometers, electrical balls, an hygrometer, 
and a dipping-needle; together with another barometer 

of 



534 sir ge°rge s&uckburoh’s Qbfervtttiom 
of Mr. de Luc’s conftru&ion, a variation-needle, a level 
belonging to Mr. de saussure, and a tent. Thus accou¬ 
tered we proceeded up an afcent, not however very fteep, 
for three hours and a half without intermiffion, the path 
leading in a fpirai kind of direction, very rugged and full 
of loofe pieces of rock that are brought down with the 
melting fnows, palling through romantic woods of fine 
firs and other trees, interfperfed here and there with a 
thin foil of excellent pafture. Before We arrived at the 
hut, where we were to fleep (for our intention was to lay 
Upon the mountain that night, in order to have die more 
tittle the next morning for our operations) having 
walked on a little too far before, we loft fight of our 
guides. We called feveral times, but were never an- 
fwered:—the night was now coming on; a kind of fog 
appeared, with finall rain; our lituation became forae- 
what embarrafling. We called again, but were anfwered 
by nothing but an echo, the place being a moft profound 
folitude. We began now to confider ourfelves as loft. 
Mr. DE saussure, though he had been feven or eight 
times before upon the mountain, found himfelf in doubt 
concerning the way; but after a fhort dilemma thought 
it beft to proceed. We did; and now began to perceive 
at a diftance fome little huts or hovels indiftindtly: a few 
more fteps allured us we were right, and about nine 

o’clock 
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o’clock wo bad the good luck to find ourfelves at the very 
hovel, where we were to reft that night. I own 1 now 
found myfelf quite contented, though I did not at all 
know what kind of place I was going to enter. It proved 
tu be a little hut made of boards, confiding of one apart¬ 
ment only, eighteen or twenty feet fquare, and about 
twelve [high in the center, without any windows or 
chimney far the fmoke, except what w as made by the 
holes in the roof, and the interftices between the boards 
at the fides, which were rudely put together, fcarce 
dofer than park-palings, affording an equal entrance to 
the wind, rain, and fhow; for as thefe hovels are inha- 
hited only for about four months in the fummer, they 
are eonftru&ed without the leaft mortar or cement in 
the world ; an humiliating witnefs this, how fimple the 
architecture which nature and neceffity fuggeft. On en¬ 
tering we found a comfortable fire, and the little cabane 
inhabited by a couple of Alpine fhepherdelTes and their 
two cows, on whofe whey and fbme very coarie bread 
they wholly fubfifted, not difcontented but even proud of 
thtjrlot; and who, out of a Angular fpecies of contempt,, 
call the inhabitants of the plain mange-rotis, that is,eaters of 
roaft-meat. Their language too was different;, not French 
nor Italian, but partaking fomething of both; or, as I have 
been fince informed, a corruption, of the ancient Celtic. 

5 A fe w 
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A few minutes after our arrival our guides rejoined us: 
it was now night, and in this rather too artlefs habitation 
we were obliged to jay in a little loft over the cows, our 
beds fome leaves and clean hay, and my bolfter my port¬ 
manteau^. I had had the caution to bring fome lheets 
with me, and, being a little tired with my walking, llept 
five hours pretty foundly, though much fiarved, having 
no other curtains than what this wooden canopy afforded, 
through which the ftars fhone moft brilliantly. Between 
four and five we arofe; found the heavens beautifully 
ferene, and, having eaten fome of our provifions, left 
this habitation, which might be fituated about two-thirds 
of the way up the mountain ; and beginning our march 
about half after five reached the fummit a quarter before 
feven; but not without a good deal of climbing, and 
fometimes up an afcent of near 40° for feveral hundred 
feet. One of my fervants, before he got half way, found 
his head turn round, and himfelf fo giddy, at the height 
and precipices (a frequent effect in thefe fort of places) 
that he was obliged t<* return to the hut. In the 
afcent I faw the Sun rifing behind one of the neigh- 

(n) -- . .. ... 1 .1— Frigida parvas 

Prxbcret fpelunca domes, ignemque, laremque,. 

Et pecus, et dominos communi clauderet umbra ; 

Sylteftrem montana torum cum fterneret uxor 
Krondibus et culmo. jov. Sat, vi. 
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bouring alps with a moft beautiful effedt, and the fhadow 
of the mountain we were then upon extended fifteen or 
twenty miles weft. We had now reached the fummit; and 
there my curiofity finifhed in aftonifhment. I perceived 
myfelf elevated 6000 feet in the atmofphere, and ftanding 
as it were on a knife-edge, for fuch is the figure of the 
ridge or top of this mountain; length without breadth, or 
the leaft appearance of a plain, as I had expedted to find. 
Before me an immediate precipice, a pic, of above 1000 
feet, and behind me the very fteep afcent I had juft now 
mounted. I Was imprudently the firft of the company: 
the furprize was perfedt horror, and two fteps further 
had fent me headlong from the rock. 

On this fpot, with fome difficulty, we fixed the inftru- 
ments, and commenced our operations, after fome time 
fpent in admiration at the profpedt, and familiarizing my¬ 
felf to the fcene. Before me, at fome diftance, was fpread 
the plain in which lay Geneva and the lake; behind it 
role the Dole, and the long chain of Mont Jura as far as 
the fort La Clufe, which we entirely commanded, as well 
as fome of the country beyond it. A little to the left, and 
much nearer, lay Mont Saleve, which from this height 
appeared an inconfiderable hill: to the right and left no¬ 
thing but immenfe mountains,and pointed rocks of every 
poffible fhape,and forming tremendous precipices. In the 
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vale beneath, feveral little hamlets, and the moft beautiful 
paftu rages, with the river Arve winding and foftening 
the fcene; from whence arofe a thick evaporation, col¬ 
lecting itlelf into clouds, which on the lake, that was 
quite covered with them, had the appearance of a fea of 
cotton* the Sun-beams playing in the upper furface of 
them with thofe tints that are feen in a fine evening* 
To the fouth-weft appeared the lake of Annecy; be¬ 
hind us, taking up one-fifth of our horizon, lay the 
Glacieres, and amongft them, towering above all the reft, 
flood Mont Blanc. The circumference of the horizon 
might be about 200 Englilh, miles; and, though not one 
of the moft extenfive,yet certainly one of the moft varied 
in the world. From this fpot the clouds had a ftriking 
appearance to an inhabitant of the plain; very few of 
them at above one-fifth of the height that we were now 
at; not governed by the wind, but moving in every pof- 
fible direction; feme of them feemed creeping along the 
ground, whilft others were rifing perpendicularly be¬ 
tween the hills. And I may here remark,, that from 
Geneva I have obferved the clouds were generally three 
days in the week below the fummit of Mont Saleve; fo 
that the ordinary region of thefe vapours feems to be at 
that height in the atmofphere, where the barometer 
would ftand at about 26 inches in this climate. 
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While at the top of the Mole, I was very fenfible of 
the cold, there being a briik. wind, which, though fouth, 
came over the mountains of ice, and was very keen; 
infomuch that, about two hours after I had been there, 
I nearly loft the ufe of my fingers, and found my lips 
much.affe&ed and parched from the tranfition, having 
been a good deal heated in afcending with two waiftcoats 
and a great coat on. The thermometer, however,, when 
I firft mounted, flood no lower than 48°. I muft here 
alk pardon for this long digreflion, which I have ven¬ 
tured to tranfcribe from my journal written upon the 
fpot. 

To return then to the obfervations. After what has 
been faid refpe&ing thofe on Mont Saleve, it will fuffice 
here to mention, that by repeated meafurements I de¬ 
termined the horizontal length of the bafe 1, 2 (fee the 
chart) to be = 1250 ft. 3.9 inch; the l. at 1=95° 37' 28"; 
z. at 2 = 77 0 48' 53"; and the t- at 3 = 6° 33' 49". The 
mean corrected angle of elevation of 3 from i 
= 2i° 29' 34"; ditto of 3 from 2=21° 3' 41"; andlaftly, 
the elevation of 2 from 1 =o° 47' 24". 
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Feet. 

Thefe obfervations give for the length of the tide i, 3, — 10691.9 

— — — — 2, 3, — 10886.7 

Height of 3 above 1, —« — —- 4212.8 

-- 3 above 2, •— — — — 4194.8 

■ -- 2 above i, — — — 17.2 

And confequently, 3 above 1 deduced from the obfervation at 2, — 4212.0 

And laftly, the,mean height of 3 above 1 from the determination,at 1 . 

each end of the bafe, — — — / 4*»'4 

The difference in height, however, between the two 
barometers was only 4211.3 feet. 

Here follow the barometrical obfervations^, and their- 
reduction. 

(0) Made between the hours of eight and twelve, in the open air and not in 
the tent, which could not be pitched on accout of the fmallnefs of the plain at 
the fummit; a briik fouth wind, but fair. The barometer was fereened by an 
umbrella. 
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Contparifon of the jirjl feries on the Mole. 


Obfervation at the top at 3. 


Barom. N°2. Therm, 

above at c. attached. 

In, Pts. 

24*^437 57*0 

Corre& for the Diff. of the 1 , gg 

two attached therm. 3°.4, j + 


Therm. 

detached. 

54*8 


Barometer at the top, 24.1525 Log. 3829621 

■ « — below, —■ 28.1253 Log. 4490971 


Correct for i8°.6 of heat, —« — -f 27.431 

Corre&ed height in fathoms, — — 688.781 

x 6 


Height in feet by the barometer «— 4132,686 

..— . .. by the geometrical meafurement, 4211.3 

Difference, or error of the barometer, — 78,6 


Obfervation below at i. 

Barom. N° r. Therm. Therm, 

below at 1, attached. detached. 

In. Pts. 0 

28.1295 60.4 61.9 

€brre& for the diff 1 ^ *4.8 heat at 

of barometer, J _ 

"" ^l, 58.3 mean heat. 

28.1253 39,7 ftandard temperature. 

4- 18.6 difference. 
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Comparifon of the feeond Series 


Obfervation at the top at 3. 


Barom. N p 2. 
above at 3, 
In. Pts. 
24.1420 

Correfl for the diff. of the *1 
two attached therm. 3°*5, / 9 


Therm. Therm, 

attached. detached. 

o 0 

56.9 56.0 


*4.1511 Log. 3829369 

28.1258 Log. 4491049 

3-9747 {’ P S£ #U " 

Correct for I9°.2 of heat, — —* + 28.330 

Correal height in fathoms, — — 690.010 

x 6 


Height in feet by the barometer, 
t- by the geom. method. 


4x40.06 

4an.3 


Difference, or error of the barometer, — 71.2 2: riwfo* 


Obfervation below at i 


Barom. N° 1, 

Therm. 

Therm. 

below at 1. 

attached* 

detached. 

In. Pts. 

O 

© 

28.130a 

60.4 

61.8 

Correft for the diff. 1 ^ 

of barometer, J * 

28.1258 

56.0 heat at 3. 

58,9 mean heat. 

39.7 ftandard temperature* 

•—19.2 difference* 
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Comparifon of the third Series. 

Obfervation at the top at 3. 


Barom. N® 2. 
above at 3* 

In. Prs. 
24.1670 

Correft for the difF. of the 1 
two attached therm. 4°9, J + ' 

Them*. Therm, 

attached.. detached. 

56.0 56,0 

.© 57.5 (t) 

24.1797 

28.127a 

Log. 3:834509 

Log. 449 ! 35 8 

3 - 94 *. DIE.{'•‘gSbiif 
Correfb for I9°8 of heat, —*• + 29.0 

Correal height in fathoms, — 

— 6 & 5 . 84 | 

Height in feet by the barometer, —* 

■....by the geom. method. 

4115.094 
— 421 1-3 

Difference, or error of the barometer. 

—- 96.2 .s Twclir* 


Obfervation below at 1. 


Barom. N° 2. 

Therm. 

Therm. 

below at 2. 

attached. 

detached. 

In. Pts. 

0 

O 

28.1320 

60.9 

63.0 

Lorrefl for the difF. \ ^ 
of the barometer, J ^ 

56.0 heat at 3. 

59.5 mean heat. 

28.1278 


39.7 ftandard temperature, 

19.8 difference. 


(p) In this column for the detached thermometer at the top of the mountain, 
in this and the following observations, are inferted two numbers; the upper one 
exprefling the heat in the (hade; and the lower one, with this mark0 prefixed, 
the heat in the Sun. The computation, however, is made from the former;, 
this may ierve to fhew the difference. 
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Comparlfon of the fourth ferks . 


Obfervation at the top at 3, 


Barom. N 3 2* 
above at 3. 
In. Pts. 
24.1780 

Correct for the diff. of the *1 x 

two attached therm. 4°6, J 9 

Therm. Therm, 

attached* detached. 

57.2 5§.o 

057-5 

24.1 899 
28.1318 

Log. 3836341 
Log. 449197 6 


Di 5 Ser rfall ° f thC } 3'94i 9 Diff. of Log. 655.635 
Correct for 20°*3 of heat, — — 4 - 29 678 

f approx, height 
L fathoms. 

Corre& height in fathoms, • — 

— 685.31^ 


Height in feet by the barometer, 

—.— -by the geom. method. 

— 4Hi:878 

— ■ 4211.3 


Difference, or error of the barometer. 

— 99-4 = 



Obfervation below at 1 . 


Barom. N° 1. 

Therm. 

Therm. 

below at 1. 

attached. 

detached. 

In. Pts. 


0 

28.1360 

Corre& for the diff. 1 
of the barometer, j 4 

28.1318 

6ii8 

63.9 

56.0 heat at 3. 

60.0 mean heat. 

39.7 flandard temperature, 


-f- 20.3 difference. 
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Comparifon of the fifth feries . 
Obfervations at the top at 3, 


Barom. N° 2* 
above at 3. 
In. Pts. 
24.1840 

Correct for the difF. of the 1 , 

2 attached therm. 2°.8, J + 


Therm. 

attached. 


Therm. 

detached. 

S7*o 
0 59*3 


24.1913 Log. 3836592 
28,1308 Log. 4491820 

} , 5K4' ieht “ 

Correct for 20°.8 of heat, *— —• +30*391 


Correct height in fathom, — 


686.619 
x 6 


Height in feet by the barometer, — 4113.714 

— — —-by the geom. method, — 4211.3 

Difference, or error of the barometer, 97.6 — 

Obfervations below at i. 


Barom. N° 1. 

Therm. 

Therm. 

below at 1. 

attached. 

detached. 

In. Pts. 

O 

o«- 

28.1350 

Correft for the diff. 1 
of the barometer, J ^ 

28.1308 

62.4 

64.0 

57.0 heat at 3. 

60.3 mean heat. 

39.7 (hndard temperature. 

+ 20.8 difference. 
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Comparifon of the Jixth feries. 


Obfervation at the top at 3,. 


Barom. N° 2. Therm, Therm, 

above at 3. attached. detached. 

In, Pts. 

24.1900 61.0 57.0 

Corre& for the difF. of thel • O^o.Q 

two attached therm. i°6, J + ^ 


24.1941 Log. 383709$ 

28.1268 Log. 4491204 


3-93«7Di£ofL. 8 .6 54 ,„ { 

Correlation for 2Q°6 of heat, — — + 30.048 


approx, height in 
fathoms. 


Correct height in fathoms,. — — 684,157 

X & 


Height in feet by the barometer, — 4104.942 

--.-by the geom. method —* 421.1,3 

Difference, or error of the barometer, —106.4 = xllra* 


Obfervation below at i. 


Barom. N° 1. 

Therm. 

Therm. 

below at 1. 

attached. 

detached. 

In. Pts, 



28.1310 

Corre£t for the diff. *1 _ 

of the barometer, J ^ 

28.1268 

6°a.6 

63.6 

57.0 heat at 3* 

60 3 mean heat; 

39 7 flandard temperature, 


20.6 difference. 


To 
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To collett thefe laft experiments in one point of view. 

Feet, 

The ift feries gives for the error on every 1000 ft. 18.7 


2d, — — — 16.9 

3d, — — — 22.8 

4th, — — — 23.5 

5th, — — — 23.1 

6th, — — — 25.2 

The mean error, — 21.7 


which agrees within two feet in a thoufand with the de¬ 
termination on Mont Saleve. This refult then juftifies 
my condLulion (in p. 556.) and proves that either the 
proportional gravity of air and quickfilver is now dif¬ 
ferent from what it was, when M. de luc made his 
experiments, viz. from 1756 to 1760; or that his or 
my obfervations are defective. That my trigonometrical 
meafurements were fufficiently exadt, viz. to within two 
or three feet, I think I have already fhewn; and even that 
his were alfo. Within what limits my barometrical er¬ 
rors are to be found is not difficult to determine from 
what has been before premifed. That the fcale of Mr. 
DE luc’s barometer was lefs accurate than mine, is, 1 
think, without a doubt; and indeed he never attempted 
a divifion lefs than -j^th of a French line, or about '- r f s 

4 B 2 of 
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of an inch Englifh: and yet when I confider the number 
of his obfervations, and the unexampled diligence and 
care with which he made them, I am obliged to attribute 
the difference of our refults to fome other caufe than that 
of inaccuracy. If then future experience fhould demon- 
ftrate, that the denlity of the atmofphere with a given 
heat is invariable, or nearly fb; while the preflure of a 
whole column of it continues the fame, we may perhaps 
fearch for the caufe of our difagreement from hence, 
viz. the barometers of Mr. de luc were not fufficiently 
near each other in an horizontal direction: mine were 
feparated from two to three miles; and his, I believe, at 
double or triple that diftance. It may be fufpe&ed, I am 
well aware, that the fyphon conftru&ion of Mr. de lucIs 
barometer might occafion this difference: let us fee whe¬ 
ther this be the cafe. Mr. de saussure (whofe inftru- 
ment was of Mr. de luc’s conftru&ion, and made, as I 
underftood, under his infpe&ion) obferved at the top of 
the Mole, or at leaft nearly on the fame level with my 
barometer, as follows: 


And 



in-order to ajcertain the height of Mountains . 549 

wBaromcter Thermo attached. Therm. det. 
In. L. i6ths* de luc’s leak, keaum fcale. 

22 8 o +i°+ +io°— 

And in l£ngliih nieafure -and 'FAHREN- 1 , 

heit’s fcale, - _ ) » 4 -iS 70 56 44.2 

Mr. de saussure’s barometer ordinarily ! 

ftands higher than mine.N* 2. by (t) % J * ' 

Corre£l for the difF. of our attached therm. l°, -f 26 


Mr. de saussure’s barometer corr &ed, 24.1479 

My barometerN°2. fee the firft feries, 241437— -57 54..$ 


Difference, — —• 4 - ,0042 wholly iticartfiderahle. 

Our barometers maytherefore be faidto have agreed 
exactly. 

Mr. de saussure made a fecond companion juft 
before we left the top of the mountain, which proved as 
follows. 


Barometer Therm, attached. Therm. 
In. L. i6ths. de M/c’sfcale. detached. 

22 8 8 +4 0 + ii |° 

Or reduced to Englifh meafure and fcale, 24.2014 61.7 57.9 

Mr. de saussure’s barometer ftands 1 

higher than mine N° 2. — j * 1 ' 

Corr. for the difF. of our attached therm. 0°.7, —.0018 


Mr. de saussure’s barometer corre&ed, 24.1879 

My barometer N° 2. fee the fixth feries, 24.1900 61.0 57 


Difference, 


—0.0021 


So that, in the firft companion, his barometer at the 
top of the Mole flood higher than mine by +,004 inch ; 
and in the laft, lower by -,002; the mean is higher by 

(l) This we found by comparifons at the bottom of the mountain. 

+,OOI 


I 
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+,oor, equal to about i o inches in deducing the height 
j)f the mountain, a quantity wholly to be negledted. 
Finally, the mean of Mr. de saussure’s obfervations 
gives the defeat of Mr. de luc’s rules 21.9 in a thou- 
fand. The conftrudtion of the barometer had therefore 
no influence on this difference. But further, while Mr. 
de s aussuke ohferved the height of the barometer on 
the Mole, Mr. DE luc, the brother made a correiponding 
obfervation with a fimilar inftrument at Geneva. I fhall 
relate this obfervation, computed after Mr. de luc’s 
manner. 


Mr. 
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In. L. i6ths. 

Mr. de saussure, at 4 feet ■* 
below the fummit of the >22 8 O 

Mole, — J 

Mr. de saussure’s barom. q 

Hands higher than Mr. de | + i| 

luc’s ordinarily by, J 
Thermometer attached +1°, —- 

*—- 11 • ' i6ths of aline. Log. __ _„„ 

CorreCt height on the Mole, 22 8 01=43524 6387587 +10 — 

Mr. de luc, 78 feet above! ^ ^ 

the lake, — ° ° 

Therm, attahced +6°, — — 6 


Heat of the air. 

_ -A . 

* 

REAUM. DE LUC 8 

Therm. Therm. 


26 II IO =5178 


Difference of the Log. — — 754.033 

1 9°t x 1 jooo = t ^ ie correction for the temperature, —14,854 


7141620 +15 —.4 
Sum —19! 


Correft height in French toifes, 


739-179 
x b 


Height in French feet, — — 4435.074 

Mr. dr luc’s barometer above the lake of Geneva, +78. 
Mr. de saussure’s barometer below the fummit of\ 
the Mole, — — — J-+ 4 - 


And confequently, the fummit of the Mole above! 

the lake, in French feet* — — j - 45 x 7 * 

Which reduced to Englifh feet is, — — 4814. 

But, by a mean of my trigonometrical operations, 1 on. 
this height is (vide chart) — — J 4 05 3 * 

Difference, or error of the barometrical rules, —69. zz > 


This laft obfervation ferves at leaft to fhew, that the 
error I am coatending for is on the defective fide, though 
it gives the quantity of it fomewhat lefs, but by no means 
deferves that confidence which the other comparifons do; 
for, befides that this fingle obfervation may be concluded 

lefs 
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lefs decifive, the trigonometrical meafurement is alfo lefs 
accurate from the diftanee; and, laftly, to ftippofe the 
ftate of the atmofphere precifely the fame with refpedl 
to weight' in two places twenty miles afunder, is, I am 
afraid, a pojiulatum too hazardous to grant. I therefore 
fay, that all thefe obfervations confirm the fame truth, 
that the atmofphere is lighter than Mr. de luc prefumed 
it. What had already been done may feem fufficient for 
the eftablifliment of this fadt; for I have always held, 
that-a few obfervations, wel? made and faithfully related, 
do more in the interpretation of nature, than a multi¬ 
tude of crude, carelefs, and immethodical experiments. 
But I have not done : I wifhedto put this matter out of 
all doubt, and accordingly undertook another expedition 
to the fummit of Mont Saleve, on the 18th of Septem¬ 
ber, and in a tedder temperature: the experiments then 
made, with their refults, were as follows: 

The difference of a< 5 tual height by the two barometers 
was 4828.9 feet,.the barometer N° 1. Handing higher 
than N° 4. by +,0.038 inch, when compared at the bot¬ 
tom of the mountain.. 


Com- 
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Comparifon of the firjlferies. 


Obfervation at the top of 
the mountain. 


Obfervation at the bottom. 


Barom. N° 2. 

Therm. 

Therm. 

Barom. N a i. 

Therm. 

Therm. 

at the top. 

attached. 

detached. 

below. 

attached. 

detached. 

In. 

0 

0 

In. 


« 

*5-6533 

58.0 

56.2 

28.4040 

58.1 

Feet. 

58.8 


This gives for the height barometrically, 2755.6 
But the true height was, — 2828.9 


Difference, or error of the barometers, -7 3 - 3 =tH!o* 


Comparifon of the fecond feries. 

Obfervation at the bottom. 


Obfervation at the top of 
the mountain. 

Barom. N° 2. Therm. Therm, 
at the top. attached, detached. 
In. 


25.6550 56.2 57.O 


Barom. N° i* Therm. Therm, 

below. attached, detached* 

In* 


28.4040 58.5 60.8 

Feet. 

This gives for the height barometrically, 27 54.9 
But the true height was, — 2828.9 

Difference, or error of the barometers, - 7 4.0 = 


4 G 


Vol. LXVII 


Com* 
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Comparifon of the third feries, 

Obfervation at the top of Obfervation at the bottom, 
the mountain. 

Barom. N° 2. Therm, Therm. Barom. N° i. Therm. Therm, 
at the top. attached, detached. below. attached. detached* 

In* o. o o o 

25.66ao 56.2 57.2 [ 28.4040 59.3 62.0 

Feet. 

This gives for the height barometrically, 2748.9 
The height by the trigon. method Was, 2828.9 

Difference, or error of the barometers, -80.0= 


Comparifon of the fourth feries. 


Obfervation at the top of 

Obfervation below. 

the mountain. 

Barom. N° 2, Therm. Therm. 

Barom, N° * 

Theum. 

Therm. 

at the top. attached. detached. 

below. 

attached. 

detached. 

In* © 0 

Im 

0 

0 

25.6600 56.4 57.4 

28.4040 

59-3 

62.2 

This gives for the height barometrically, 

Feet. 

2752-8 


But the true height .was, 

— 

2828.9 


Difference, or error of the barometers, 

-76.I 

* 

JO 

«M© 

'OIO 

[m 

II 


In thefe comparifons I have not inferted the whole of 
the computation, as that may ealily be made by any 
perfon at leifure. Finally, the mean of thefe four laft 

feries 
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feries gives for the error on 1000 feet, 26.8. I think I 
have now fhewn, that the error actually exifts; it re¬ 
mains that we determine precifeiy the quantity of it. 
For 'this purpofe it will be proper to collect all the pre¬ 
ceding obfervations in one point of view. 


Table of the refult of all the barometrical experiments. 


Place of obfervation. 



True height 
trigonometri¬ 
cally.. 

Height by 
the barome¬ 
ters. 

Mean 

heat. 

Error in 
feet. 

' Error, in 
1000 feet. 

I 

2831.3 

2775.2 

69.4 

- 5 6 - 1 

— 19.8 

2 


276 , 3.2 

68.5 

— 68.1 

— 24 .O 

3 

«- 

2 7S9 4 

67.2 

- 71-9 

— 25.4 

I 

42 U .3 

4*3 2 -7 

58-3 

— 78.6 

— 18.6 

r 


4140.1 

58.9 

— 71.2 

— 16.9 



4115.1 

59-5 

— 96.2 

— 22.8 

§ 


4i 1 1*9 

60.0 

99*4 

— 2 3-5 


9 

4U3-7 

60.5 

— 97.6 

— 23.1 



4104.9 

60.3 

106.1 

— 25.2 

t 

2828.9 

275S * 6 

57-5 

— 73-3 

- 25.9 

2 

■ 

2754-9 

58.9 

— 74.Q 

— 26,2 

3 


2748.9 

59 - 6 

— 80,0 

— 28.2 

E 

1 9 

2752.8 

59-8 

— 76.1 

-r- 26.9 


Mean error irt} 

1000 feet. 


Mont SaLeve, 


At the Mole, 


Mont Saleve. 


• {: 


-23.1 


—21.7 


j 

| —26. 




Mean of all, 23.6, and the temperature 61 0 .4» 


The Mole, from two ob- n 
fervations of Mr. de > 
faussure, — » 

The fame by Mr. DE'i 
saussure, and Mr. de > 
i.uc, at Geneva, J 
According to Mr. the Mole, 
de tuc's own theDole , 
obfervauons, lee V t ry 
Recherches fur |* e £ Uet \ 

l’Atmofphere, J M l Blanc,! 


4211.3 


— 

— 92. 

—21.8 

- 

4883. 

4814. 

— 

— 69. 

—14. 

> 

4882.8 

4860. 

— 

— 22.8 

— 47 


4292.7 

4210. 

•— 

— 82,7 

—19.5 


8893.6 

8770. 

— 

—123.7 

—13 9 


14432.5 

14093. 

—- • 

—339-5 

- 2 3-5 

J 


-16.2 


4 C 2 


The 
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The titles of the columns are fufficiently clear to make 
a farther explanation of this table unneceffary; and it 
appears, I think inconteftably, upon taking a mean of my 
thirteen obfervations (and I lhall here conlider only my 
own) on Mont Saleve and the Mole, that this error is 
about 23! feet on every thoufand; that is, the rules of 
Mr. de luc give the height by fo much too little. At 
the bottom of the foregoing table I have Subjoined fix: 
other companions, fome of them from Mr. de luc’S 
own obfervations, as recorded in his valuable work; 
which however I muft add, are certainly of lefs autho¬ 
rity in this inquiry, as they were made with barometers 
a great way diftant from each other, viz. near thirty 
miles: befides which, the geometrical heights are, for 
the fame reafon, not fo accurately afcertained. I have, 
however, ventured to make what ufe I could of them, 
viz. to Ihew that thefe two give a refult on the fame 
fide, though not exactly the fame ; and to urge the ne- 
celfity of a certain vicinity in thofe obfervations from 
whence a theory is to be deduced. 

Shall I be permitted to adduce another proof, in con¬ 
firmation of what has been advanced? When I firft took 
up the confideration of meafuring altitudes in the atmo¬ 
sphere with the barometer, and had heard only of Mr. 
de luc’s labours, it occurred, to me, that there was a 
6 much 
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much more fimple method of arriving at this theory, 
than either he or I have iince purfued. It was this; to 
determine hydroftatically the fpecific gravities of air^ 
and quickfilver, with a given temperature and preffure; 
the increafe of volume, or change of gravity, with a 
given increafe of heat being fuppofed to be known by 
the experiments of boerhaave and hawkesbee 
which might be farther examined by fimilar ones; and 
prefuming that the geometrical ratio in the air’s denfity, as 
you advance upwards from the earth’s furface, had been 
fufficiently demonftrated (u) . For the proportional gra¬ 
vity of quicklilver to air will exprefs inverfely the length 
of two equiponderant columns of thefe fluids, that is, 
when the columns are taken infinitely fmall w . With 

thefe 

(r) It may 4 feem particular that I fhould propofe an experiment fuppofed to 
be very well known, and which hardly any elementary treatife on chemiftry or 
experimental philofophy will not furnifh us with an example of; the weight of 
a given quantity of air. boyle, halley, hawkesbee, hales, each of 
them have tried it, and many others iince their time: but the misfortune is, all 
thefe experiments have been but grofs approximations, without due attent on to 
the heat; and yet the determination of hawkesbee feems to have been followed 
by one-half of Europe in Pneumatical refearclies. Indeed I only know of one 
experiment that has the leaf! title to precifion, and that is Mr, caven¬ 
dish’s, briefly related in the LVith volume of the Philofophical Tranfa&iom* 

(s) Elements Chemise. 

(t) Phyfico-mechanical Experiments. 

(u) cotes’s Hydroftat. Le&ures, et alibi . 

($) I am not forry to anticipate the reader’s remark here, that this obfer- 
vation is not new; Iince I find that I have been treading the fame’fleps with 
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thefe ideas I made the following experiment. I caufed a 
glafs veflel to be blown fomething like a Florence flafk, 
or rather larger; to the neek of this was adapted a brais 
cap with a valve opening outwards, and made to fcrew 
on or off, together with a male fcrew, by which it was 
fixed to an excellent pump of Mr. nairne’s conftrufition, 
and exhaufted of its air, or at leaft ratified to a known 
degree; the veflel was then carefully weighed with a 
fenfible balance, and again after the air was re-admitted-; 
the difference gave the weight of the air that had been 
exhaufted. After having repeated this two or three 
times, the veflel was exactly filled with water as far as 
the valve, which had been the term of capacity for the 
air; this was done by Screwing on the cap till the fuper- 
fluous water oozed all out, and upon inverting the veflel 
there appeared not the leaft fign or bubble of air; I 
therefore concluded, that the volume of water was pre- 
cifely the fame as had been the volume of air, a circum- 
ftance that fhould be accurately attended to. It was then 
carefully weighed, and compared with its weight when 
full and deprived of its air. It will readily be feen, that 
I had then the fpecific gravity of the two fluids, upon 
l'uppofition that the figure of the glafs had not altered 

Mr. boyle and Dr. halley, who both made ufe of this method; the one with 
a view to determine the limits of the atmofphere; and the other the height of 
Snowden. 


a 


by 
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by preffure during the experiment; and this effect may 
be prefumed to have been the moft fenfible, when the 1 
veffel was filled with water, the preffure at that time 
being from within. To allure myfelf of this, I let in a 
fmall quantity of air, which formed a bubble of about 
one-third of an inch in diameter, and upon immerging 
the glafs in another veffel of water, whereby the pref¬ 
fure within was counterpoifed by a preffure without, the 
bubble feemed to contrail itfelf by a quantity, as I found 
afterwards, equal, to about two grains in weight, or ~ 6 - 6 - 
of the whole contents. I therefore concluded, that this 
correction was hardly worth , taking notice of, and Hill 
lefs the effeil from external preffure when the glafs was 
exhaufted. At every operation the height of the baro¬ 
meter and thermometer (placed clofe to the veffel when 
the air was weighed) was noted down, together with the 
height of the pump-gage, which, compared, with the 
barometer in the room, Ihewed the quantity exhaufted* 
The refult of the experiment was as follows, the baro¬ 
meter in the room Handing at aq.ay inches, and the 
heat of the room 53 0 . 



560 Sir George shucrburgh’s Oifervatiom 


Feet. 

The bottle empty or exhaufted till the gage flood at 29.15 inches > 
weighed (determined from four different trials, and the balance r 2657.40 
turning with rV oi a grain) — — i 

Increafe of weight when filled, with air. from four trials certain! , 

to A of a grain — _ — j :+•«*■»» 

Bottle filled with water, whofe heat was 51°, — — i/mo.oo 

Weight of the water, exclufive of the bottle, •— — 13562.60 

But the bottle was exhaufted only in the proportion 
of 29.15 inches to 29,27 inches; therefore if a perfect 
vacuum could have been made, the difference of weight 
would have been 16.22 grains inftead of 16.13 grains. 
Again, the water was colder than the air by 2 0 ; the one 
beirig 53°, and the other only 51 0 : now water, from 
former experiments, I find to expand about with 
2 0 of heat; therefore, if the water had been of the fame 
temperature with the air that was examined, the weight of 
an equal volume would have been only 13558,5 grains; 
andlaftly, 13358.5 divided by 16.22 gives 836 and 
by fo much is water heavier than air in thefe circum- 
ftances. 


( y ) Ha wke s bee’s experiments made the air 850 lighter than water, the baro¬ 
meter being at 29.7; and E)r. halley fuppofed it about 800. Mr. caven¬ 
dish, in weighing 50 grains of air, when the barometer .was at 29I, and the 
thermometer at 50% concluded the fpecific gravity of air to be about 800 alio. 
Now my experiment, reduced to the fame circumflances with his, would give 
817 for this gravity, no great difference in am affair of fuch delicacy. 


By 
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By former experiments I find the fpecific gravity of the quick- 
lilver of my barometers, compared with rain-water in 68° 
of heat, as, — — — — 

And 68°—53 0 nr 15 0 , correct therefore for 15 0 of expansion of 
quickfilver, ■ —- — 

Correft for I of expanfion of air, — ~ 


13 606 to 

-f 018 
—.031 


l 


True fpecific gravity of quickfilver, with 53 0 of heat, 1 3*594 

Which multiplied by the.fpecific gravity of air,. — X836 


Gives far the comparative gravity of quickfilver and air, when \ a , 
the barometer is at 29.27, and the thermometer 53 0 , J rr ^ 4 * 


Feet. 

And laftly, i^th of an inch of quickfilver, when the barometer ftands at 

29.27 inches (viz, from 29.22 inches to 29.32 inches) with the tern- > 94.7 
perature 53 0 , is equal to a column of the atmofphere of, — J 
This quantity, according to my barometrical obfervations, is* — 93.83 

——. . . . . . . . to Mr. de lu c*s rules, — — 91.66 

We fee here then that the ftatical experiment agrees 
with the refult of my barometrical ones to within about 
11 inches in ioo feet, and I am not fure that it is not 
ftill capable of much farther precifion; and though per¬ 
haps alone it might carry with it, to fome perfons, a Iefs 
conclufive teftimony, who reluctantly reafon from the 
little to the great, yet, in conjunction with what has been 
before Ihewn, I think it has confiderable weight? and I 
am the lefs inclined to rejeCt fuch an indirect method of 
proof, as I have the great authorities of halley and 
newton on my lide'H 

I have 


(z) u Ce qu’il y a d y e(fentiel a dbferver id,” fays Mr. de luc, €C et vrai- 
<c ment digne de remarque, e’eft que par la feule connoiflance des pefanteurs 
€S fpecifiques de Tair et du mercure, halley eft parvenu a une regie tres 
Vol. LXYII. 4 D approchante 
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I have thus endeavoured to Ihew then that the error 
of the theory is - when the temperature of the 
air is 6 i°.4 (fee the table of the refult of the obferva- 
tions). It remains therefore, finally, that we deduce a 
rule, the error of which fhall be nothing, viz. to find 
the temperature wherein the difference of the loga¬ 
rithms of the heights of the barometer, taken to four 
places of figures, will give the true difference of eleva¬ 
tion in Englifh fathoms. Previous to this inveftigation, 
with which I intend to conclude this paper, it will be ne- 
ceffary to remark, that by repeated experiments with the 
barometer, I find a fmall difference in the equation for 
the expanfion of air by a change of temperature, and 
even in that of quickfilver from the fame caufe, from 
what Mr. be Luc’s obfervations have given itI lhall 

approchante de celle, qu*vm grand nombre d’obfervations du barometre dans 
46 les Cordelieres ont di&e depuis a M. bouguer : cependant malgre l’appui 
que cesexperiences fe pretent reeiproquement, on verra qu’elles etoient encore 
“ bien eloignees de fournir une regie generate.” Recherches fur PAtmofphere, 
fe£l. 267. 

(a) He indeed made his experiments on the atmofphere itfelf with the 
barometer, in order to determine the variations of its denfity; but iince it 
appears that the abfolute denfity of this fluid is different from what he fup- 
pofed it, it is no* bold conje&ure to prefume that the degree of its variation 
ihould be different alio;. and to afcertain this pointy I have preferred tho 
inftrument above-mentioned to the method ufed by Mr; de euc>. how direct 
foever his may feem; for in determining minute quantities or equations, we 
muft not embarrafs ourfelves with the compound effect of too xpany caufes at a 
time* 

not 
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not here trouble the reader with the experiments at 
large, too limple in themfelves to deferve fueh a detail, 
unlefs a future occafion ftiould render that neceffary, as 
the methods here ufed may be met with amongft 
hawkesbee’s or Mr. boyle’s experiments; and content 
myfelf with relating only the refult of the different 
trial's. 

1000 parts of air of the temperature of freezing and 
preffure of 367 inches, increafed in volume by an addi- 
ditiorr of 1 degree of heat on Fahrenheit’s thermo¬ 
meter as follows : 



Jr '-'' 

Number of de- 

Expanfion for 

1 ° 


Obfervations. 


grees the air was 
heated. 

in loooths 
the whole. 

Of 



“ i 

14*6 

2.30 


«| 



2 

32.2 

2*43 





3 

403 

2.48 




With the ftrft 

4 

46.6 

2.45 



Mean from the firfl 

manometer. 

s 

49-7 

2.48 



manometer 2.44. 


6 

5 1 * 1 

2.51 





7 

23.7 

2.36 





i. 8 

13a 

2.24 


- 



p 9 

22.0 

2.38 




With another 

IO 

28.0 

2.50 



Mean from the fecond 

manometer, 4 

ii 


a -34 



" manometer 2*42 


12 

30 -> 

2.44 





i 

22.6 

2.44 
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The mean of thefe two lorts of obfervations, made 
with different inftruments, is 2.43, viz. 1000 parts of 
the air at freezing become by expanlion from i° of heat 

PtS. PtS. 

equal 1002.43 or 1002.385 with the ftandard tempe¬ 
rature 39°.7. Mr. de luc’s experiments reduced give 

PtS. 

this quantity equal 1002.23 w (lee Tranf.). It may 
be imagined, that I fhould have had a more accurate con- 
clufion by making thefe obfervations in greater dif¬ 
ferences of temperature than what is Ihewn in the £e- 
cond column of the above table; but it did not appear 
fo to me. On the other hand, I found that it was abfo- 
lutely neceffary that the fame heat fhould be kept up for 
forae hours together, in order that I might be fore that 
the air within the inftrument, the glafs tube that con¬ 
tained it, and the air without it, all had acquired the fame 


(b) It has generally been fuppofed, that air expands with each degree of 
the thermometer, commencing from the mean temperature 55 0 ; and, in confe¬ 
rence of this, aftronomers have computed tables for correcting their mean 
refraCtions; but, upon reducing the refult of my obfervations to the temperature 
55°, we fhall have the correction of the refraction for i° = tsVtV? or tit* 
Now according to Mr. de luc this equation is tvjtts which would 

produce a difference of about 4" in the corrected refraCtion, upon an altitude of 
5 0 , with tire temperature 35 0 . If my numbers may be fuppofed to deferve equal 
confidence* .the error of the tables in common ufe, in the above circumftances, 
would amount to only half that quantity, and therefore probably will be 
thought fcarce worth correcting. I have mentioned this in order to obviate the 
conclufions that have been drawn by fome perfons from Mr.DE luc’s theory. 

uniform 
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uniform temperature, which in my room I found not 
very eafy to effect in heats greater than 7 o° or 8o°. I 
have therefore preferred repeating the experiment with 
iinall differences of heat; butfuch, however, as will in¬ 
clude almoft all the temperatures in which barometrical 
obfervations are likely to be made, viz, from 3 a 0 to 83°. 

It has been fufpe&ed, in confequence of fome experi¬ 
ments made by a very ingenious member of this Society, 
that air does not expand uniformly with quickfilver; or 
that the degrees of heat fhewn by a quickfilver-ther- 
mometer would be expreiled on a manometer, or air- 
thermometer, by unequal fpaces in a certain geometrical 
ratio. I do not deny this proportion; but I have alfo 
very little reafon. to aflent to it, if I may truft my own 
experiments, which certainly evince that this ratio, if 
not truly arithmetical, is fo nearly fo as to occafion no 
fenfible error in the meafuring of heights with the ba¬ 
rometer; and that is all I contend for. The fmall dif¬ 
ferences that are feen in the above table of this expan - 
lion, deduced from a mean of 14 0 or of 40°, I would 
attribute rather to the errors of obfervation than to any 
actual irregularity in nature. If, however, this progref- 
fion be infilled upon, it fhould feem, that the degree of 
the air’s expan fion increafes with an increafe of heat; 
and that the difference of volume or denfity from i° of 

heat. 


s 
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heat, any where within the limits above-mentioned, 
*would be about one part in five thoufand from what I 
take it at a mean. 1 lhould not have infifted fo long on 
this circumftance, but in refpeft to the known accuracy 
of the author of this hypothefis. Neither do I find any 
reafon to believe, that the expanfion of air varies with 
its denfity. I have tried air whofe denfity or preilure 
Was equal to 23% inches, and alfo to forty inches; but the 
dilatation, with equal volumes and equal degrees of heat, 
was very nearly the feme in both cafes. I might add a 
great deal more on thefe manometricai experiments, but 
I am afraid it would be more tedious than ufeful. I pro¬ 
ceed therefore to the expanfion of quickfilver. 

This experiment was made with a tube, fomething 
like a thermometer, but confiderably larger than the or¬ 
dinary fize, and open at one end; it was filled with 
quickfilver to a certain height, and then expofed to the 
temperatures of freezing and boiling repeatedly, the ba¬ 
rometer being at 30 inches: the difference of the volume 
in each inftance was determined afterwards by accu¬ 
rately weighing the contents. I thus found, that if the 
quickfilver at freezing be fuppofed to be divided into 
13119 parts, the increafe of volume by a heat of boil¬ 
ing water became equal to 2 08 of thefe parts = ~ t and 
317 * Tfo — 31766» apd fuch would be the expanfion for 

each 


2 
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each degree of thfe thermometer, commencing from the 
freezing point, =0,00262 inch on a column of 30 
inches of the barometer, if the glafs had fuffered no ex- 
panlion during the experiment. This, however, has 
been found to be with 180® of heat = in folidity 
(ptz. the cube of its longitudinal expanfion) and 
x 'Tjo -Tzhs = 0,0004a inch, for the effaft of the 
expanfion of the glals for i° upon a column of 30 
inches; this added to the quantity before found, which 
was only the excels of the greater expanfion above the 
lefs, gives for the true equation for each degree 0,00304 
inch when die barometer ftands at 30 inches^. Mr. de 
Luc’s corre&ion in this cafe was 0,00312; a difference 

final! that I fhall take no notice of it as to its influence 
upon our obfervations. It may deferve a remark here^ 
that this equation rigoroufly taken invariable according 
to the height of the thermometer; for i°, which at 

(c) It has been fufpe&ed, and I believe will appear from very good obferva¬ 
tions, which however I never made myfelf, that the expanfion of quickfilver in 
the barometer is not direCtlyas the heat fhewn by the thermometer, but in a 
latio fometbing different) owing to feme of the quickfilver being converted 
Into an elafHc vapour in the vacuum that takes place at the top of the Torri¬ 
cellian tube^, which prefibs upon the column of quickfilver, and thus counteract* 
in a fmali degree the expanfion from heat. It does not, however, appear to be 
a confiderable quantity, not amounting to above one fixteenth of the whole 
'expanfion in a range pf of temperature; I (hall therefore venture to fon- 
iwjer this equation at truly uniform* fifteenth# error on ten thoufand feet would 
jot amount tafive* 


freezing 
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freezing is = of the whole volume, at the tempera-^ 
ture 8 2° becomes a difference indeed that may 
fairly be neglected, and which I negleCt myfelf; yet I 
cannot help obferving, in juftice to Mr. de luc, that his 
method of reducing his barometers always to the fame 
jftandard temperature, was free from the error f am 
fpeakingof. 

To conclude, the defeat of Mr. de Luc’s rules Being 
fuppofed rlilo, or, which comes to the fame thing, the 
correction being +r!tw> when the temperature of the 
air is 6 i°.4 , and the true expanfion of the air for each 
degree being - H i k z when the heat is 39°.7; required to 
find the temperature wherein the difference of the loga¬ 
rithms ihall give the true height in Englifh fathoms, 
that temperature, according to Mr. de luc, being 39°-74, 
and the expanfion risk s' 

Let t be the temperature 6i°. 4; s Mr. de luc’s 
Itandard temperature; e the expanfion for i°; e the fame, 
according to Mr. de luc ; ot the fuppofed correction of 
the rules, and x the temperature fought. We have then 
the following formula, t-sx e- e (iJ - a =s-ar, wherein 
proceeding with the above numbers s-x comes out 

(d) This lign is negative, becaufe the aflumed expanfion e is lefs than the 
true one e, and confequently tended to increafe the apparent error of the rules; 
had it been greater, * would have been -fc • 

8°. 5 o 
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8®.50, and consequently #=31°.24 the temperature re¬ 
quired; which, if it Should be thought convenient, may 
be confideredas the freezing point. 

In the whole of the above inquiry I have taken no 
notice of the effect of gravity upon the particles of the 
air at different distances from the earth’s center, which 
Should doubtlefs enter into the account, and which would 
occafion the denfity of the atmoSphere to decreafe in a 
ratio Something greater than the prefent theory admits 
of. In a height of four English miles Dr. horsley finds 
(Phil. Tranf. vol. LXIV.) that the diminution of denfity 
or volume from the accelerative force of gravity would be 
only part of the whole, or about 48 feet; and I may 
add to this, that this effeCt will be in the duplicate ratio 
of the heights, fo that at one mile high it becomes only 
three feet. A like effect takes place alfo below the fur- 
face of the earth, as in meafuring the depths of mines, 
&c. with this difference, that here it is but half the quan¬ 
tity; in the former instance gravity within the earth 
being Simply as the distance from the center; they are 
both of them, however, circumstances that deferve no 
attention in practice. 

This would be the place for me to enumerate the 
many defiderata, befides thofe already hinted at, that Still 
remain for the perfection of this theory ; fuch as the 

Vol. LXVII. 4E laws 
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laws of heat, that obtain in the different regions of the 
atmofphere; the effects of moifture, winds, the ele&ric 
fluid, together with the weight and qualities of the air in 
different countries, &.c.; that at the fame time that l am 
congratulating the prefent age on one of the moft bril¬ 
liant difcoveries in natural philofophy, I may be under- 
ftood alfo to encourage every lover of fcience to ftill farther 
enquiries in a branch of knowledge no lefs ufeful than 
ingenious; particularly in a kingdom wherein, from its 
commercial interefts, and in confequence its many inland 
navigations, every improvement in hydroliatics, jthe art 
of levelling, or geometry, cannot but tend confiderably 
to the public benefit. The fources of fcience are not 
eafily exhaufted; multitudes of them remain wholly 
unexplored. If novelty can afford a charm, the path I 
am fpeakingof, till of late, has been theleaft frequented; 
witnefs the frefh, important truths in Pneumatical re- 
fcarches that, from, zeal and fafhion, every day’s expe¬ 
rience affords. I might here offer too a tribute of applaufa 
(and am fure in concert with this whole affemhly) juftly 
due to the indefatigable labours of him whofe fieps I 
have purfued; but I am convinced he will rather hear 
me acknowledge our obligations to the. ancients than any 
panegyric of himfelf. Be the benefit we receive from 
them our encouragement to proceed. 

7 
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Multum egerunt , qui ante nos fuerunt , fed non pere - 
gerunt: multum adhuc rejlat opens , multumque rejlabit\ 
nec ulli nato pojl mille facula pracludetur occajio aliquid 
adhuc adjiciendiP sen. Epift. 64. 


PART II. 


IN the fubfequent pages, which I have now the ho¬ 
nour of laying before the Royal Society, I have drawn 
up, and I hope in a form the moft commodious, the ne- 
ceffary tables and precepts for calculating any acceffible 
heights or depths from barometrical obfervations, and 
without which I thought the preceding memoir would 
be incomplete; referring, however, to that for the proofs 
or elements from whence the tables have been com¬ 
puted. And herein I have endeavoured to adapt myfelf 
to the capacity of fuch perfons as are but little conver- 
fant with mathematical computations, but who may have 
frequent opportunities of contributing fomething to the 
advancement of fcience by experiments with this ufeful 

4 E % inftru- 
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inftrument, which is now become nearly in as common 
poffeflion as a pocket watch. I have induftrioully 
avoided the method of logarithms, propofed by Dr. hal— 
ley, and adopted by Mr. de luc, both becaufe fuch 
tables are not in the hands of every body, and becaufe I 
have perceived that many perfons of a philofophical 
turn, though ikilled only in common arithmetic, have 
been frightened by the very name: a; method lefs popu¬ 
lar, however elegant, would have been lefs generally 
ufeful. To thefe tables is fubjoined a lift of feveral alti¬ 
tudes, as determined by the barometer: this will ferve to 
Jhew the ufe I have made of the inftrument, and will at 
the fame time exhibit the level of a great number of 
places in France, Savoy, and Italy, and, as I think, be no 
improper fupplement to exemplify the rules. It might 
have been expected that I ftiouldhave faid fomething on 
the theory of barometrical obfervations, and have laid 
down the laws and principles on which it depends; but 
as that has heen fo amply done by other writers of in- 
contefted authority, I lhall content my felf with inferring 
only the following propofitions. 

i ft, The difference of elevation of two places may be 
determined by the weight of the vertical column of the 
atmofphere intercepted between them. 


s. 
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ad, If then the weight of the whole atmofphere at 
each place can be afcertained, the weight of this column, 
viz, their difference, will be known. 

3d, But the height of the quickfilver in the barome¬ 
ter expreffes the total weight of the atmofphere in the 
place of obfervation; the difference, therefore, of the 
height of the barometer, obferved in two places at the 
fame time, will exprefs the difference of elevation of the 
two places. 

4th, But further, the weight of this column of the 
atmofphere is liable tofome variations, being diininifhed 
by heat, and augmented by cold; and again, a fimilar 
alteration takes place in the column of quickfilver, 
which is the meafure of this weight. 

5th, If then the degree of thefe variations can be de¬ 
termined, and the temperature of the air and quickfilver 
at the time of obfervation be known, the weight of this 
column of air, or the difference of elevation of the two 
places, will be concluded as certainly as if the gravity of 
thefe two fluids, with all heats, remained invariably the 
fame: this is the whole myflery of barometrical mea-. 
furement. 


A V- 
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APPLICATION. 

The height of the barometer in Englifh inches at any 
two places at the fame inftant, and the heat (according 
to Fahrenheit’s thermometer) to which it is expofed, 
being known, together with the temperature of the air 
at each place, obferved with a fimilar inftrument; re¬ 
quired the dilference of elevation of the two places in 
Englifh. feet. 


RULE. 

Precept the i ft, With the difference of the two thermo¬ 
meters that give the heat of the barometer (and which, 
for diftinCtion fake, I fhall call the attached thermome¬ 
ters'^) enter table I. with the degrees of heat in the 
column on the left hand, and with the height of the 
barometer in inches, in the horizontal line at the top; in 
the common point of meeting of the two lines will be 
found the correction for the expanfion of the quickfilver 

■(e) It is fcarce neceffary to remark, that, in order to make good conclufive 
obfervations, it is proper to be furnifhed with two barometers, and four ther¬ 
mometers; viz, one attached or inferted in the frame of each barometer; and 
the other two detached from them, in order to take the heat of the open air; 
for it will feldom be found, that the thermometer in the frame of the barometer 
and that in the air will Hand at the fame point, and for a very evident reafon. 

by 
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by heat, expreffed in thoufandth parts of an Englifh 
inch; which added to the coldeft barometer,or fubtra&ed 
from the hotteft, will give the height of the two barome¬ 
ters, fuch as would have obtained had both inftruments 
been expofed to the fame temperature. 

Precept the ad, With thefe correlated heights of the ba¬ 
rometers enter table II. and take out refpe&ively the num¬ 
bers correfponding to the neareft tenth of an inch; and if 
the barometers, corrected as in the firft precept, are found 
to Hand at an even tenth, without any further fraction, the 
difference of thefe two tabular numbers (found by fub- 
tra&ing the lefs from the greater) Will give the approxi¬ 
mate height in Englifh feet. But if, as will commonly 
happen, the correct height of the barometers fhould not 
be at an even tenth, write out the difference for one 
entire tenth, found in the column adjoining, intitled 
Differences ; and.with this number enter table III. of pro¬ 
portional parts in the firft vertical column to the left 
hand, or in the n th column, and with the next decimal 
following the tenths of an inch in the height of, the 
barometer (viz,, the hundredths) enter the horizontal 
line at the top, the, point of ,meeting will give a.certain 
number of feet, which write down by itfelf; do the fame 
by the next decimal figure in the height of the barome¬ 
ter/ws. the thoufandths of an inch) with this difference, 

ftriking 
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ftriking off the laft cypherito the right hand for a frac¬ 
tion ; add together the two numbers thus found in the 
table of proportionable parts, and their fum fubduCt 
from the tabular numbers juft found in table II.; the 
differences of the tabular numbers, fo diminifhed, will 
give the approximate height in Englifh feet. 

Precept the 3d, Add together the degrees of the two 
detached or air-thermometers, and divide their fum by 
2, the quotient will be an intermediate heat, and muft 
be taken for the mean temperature of the vertical co¬ 
lumn of air intercepted between the two places of ob- 
fervation: if this temperature lhould be 31°^ -on the 
thermometer, then will the approximate height, before 
found, be the true height; but if not, take its difference 
from 31°^, and With this difference feek the correction 
in table IV. for the expanfion of air, with the number of 
degrees in the vertical column on the left hand, and the 
approximate height to the neareft thoufand feet in the 
horizontal.line at the top; for the hundred feet ftrike off 
one cypher to the right hand; for the tens ftrike off two; 
for the units three: the fum of thefe feveral numbers 
added to the approximate height, if the temperature be 
greater than 31°^, fubtra&ed if lefs, will give the correCt 
height in Englifh feet. An example or two will make 
this quite plain. 


HAMPL E 
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example r. 

Let the height of the barometer, obferved at the bot¬ 
tom of a mountain be 29.4 inches, the attached ther¬ 
mometer 50°, and the heat of the air 45 0 ; at the fame 
time that at the top of the mountain the barometer is 
found to ltand at 25.190 inches, the attached thermo¬ 
meter at 46% and the air-thermometer at 39°^; re¬ 
quired the height of the mountain in Englifh feet. 
Set the numbers down in the following order: 


4 F 
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Obfervation at the bottom. 


Barometer. Therm. 

Therm. 

attached. 

in the air. 

In. 


29.40a 5 P° 

46 

45 ° 

Piff, qf the two attached thermometers, 4 



Obfervation at the top. 


Barom. 


In. 

215,190 

Gorre£t for the diff. of the! 1 I0 
two attached therm, viz. 4 0 , / 


Height of the uppermoft- 
barometer, reduced to the 
fame heat as the lowermoft, 
viz. 50°, —* ~ 


U$.2cm 


Therm. 

attached. 

* 6 ° 


Therm, 
in the air. 

39°i 

45 

2)841(42! mean hear. 
31J ftandard heat* 

11 difference. 


Tabular number, fee tab, II. 

correfponding to, — 
The fame, correfponding to 

Approximate height in feet, 
Corre&ion for 11° of heat on 4016 feet,, add, — 


Correct for 11°, fee tab. IV. 
on 4000 feet 106.9 

on 16 - + 5 


or on 4016 +107.4 


In, Feet. 
25.200 = 6225.0 
29,400 = 2208.2 

4016.8 
— 107.4 


Corre& height of the mountain 


4124.2 


Now the difference of the attached thermometer 50° 
and 46° is -4 0 ; and againft this number, in table 1. in 
the column for 2 5 inches (being the height of the baro¬ 
meter in this cafe) I find 10, which added to 25.190, as 
this barometer was the coldefi, gives 25.200 inches for 
1 the 
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the height of the uppermoft barometer reduced to the 
fame heat as the lowermoft: and in table II. oppolite to 
25 200 inches and 29.400 inches, I find refpedtively 
6225.0 and 2208.2; their difference 4016.8 is the ap¬ 
proximate height in feet. The degrees on the ther¬ 
mometer in the open air, 39°^ and 45 0 being then added 
together, and afterwards divided by 2, give for the mean 
temperature of thefe obfervations 42°^, or n° above 
the ftandard temperature, 31 : and laftly, the correction 

for 11°, in table IV. on 4000 feet I find = 106.9, and 
on 16 feet = 0.5; that is, 107.4 f eet equal the whole 
correction, which added to 4016.8 gives 4124.2 feet for 
the correct height of the mountain. 

EXAMPLE II. 

Suppofe the height of the barometer at the top of a 
rock had been obferved at 24.178, the attached ther¬ 
mometer at 5 7 0 .2, the air-thermometer at 56°; the ba¬ 
rometer below at 28.1318 inches, the attached thermo¬ 
meter 6i°.8, the detached one 63°.9; what is the height 
of the rock ? 


4 F 2 
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Obfervation at the bottom. 


Barometer* 

In. 

28.1318 


Therm. Therm, 

attached. detached*. 


Difference of the two attached thermometers, 4.6 

Obfervation at the top* 


Barom. 

Therm. 

attached. 

In. 

24.1780. 

sjtM 

+0112 


.2+1892 



Correct for the diff. of 1 
the two attached therm. 
viz, 4 0 6 , —* J 

Height of the uppermoft 1 
barom. reduced to the I 
fame heat as the lower- I 
moft, namely 6i°.8, J 


Tabular number, cor -1 „ , , „ _ 
refponding to, J^* 1000 ' 

The fame, fee tab. IIL 800 86 © - 


Thernw 

detached.. 


2)119.9(59.95 mean heat* 

31.24 ftandard temp* 

28.71 difference*. 


The fame, fee tab. III. 


And 3357.0 feet taken from 


90 

9*7 

2 

.2 

24.1892 


^28.1000 


300 

28.0 

10 

0.9 

8 

0.7 

28.1318 



2388.& 107.9 

[-959 

7292.1 


9.6 Correct for 28°.7, fee tab. IV. 

} 30oo = 204.1 
900 zr 61.2 

2C — O. A 


Leaves the approximate height in feet, 3935' 1 
Correction for 28°7 of heat on 3935 ft. + 274*3 


3357 o 
7292.1 

- .— ■ t 0.7 on 


1 3c 00 zz 5.1 
f 900 = 1.5 

J 2C=: 0.0 


CorreCt height of this mountain^ 


4209.4' 


28.7 on 3935 274 3 


This 
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This laft obfervation was actually made, and the 
height geometrically was determined to be 4211.3 feet, 
not quite two feet different. In this example it will be ob~ 
ferved* that as the height of the barometer is fet down to 
four places of decimals; the tabular numbers, anfwering 
to every tenth only, are corrected by means of table III. 
of proportional parts, for the remaining decimals 8, 9, 
and a, in one place; and 3, 1, 8, in the other; and their 
fum is fubduCted from the numbers found in table II* 
And laftly, that in finding the correction for a 8°. 7 of 
heat, the fraction is confidered as fo many units, and 
another decimal is ftruck off; thus the correction on 
3000 feet for 7 0 is 51; but for it becomes 5.1, and 
fo of the reft. 

EXAMPLE III. 

In the upper gallery of the dome of St. Peter’s church 
at Rome, and 50 feet below the top of the crofs, I ob- 
ferved the barometer, from a mean of feveral obferva- 
tions, 29.5218; the thermometer attached being at 
56°.6, and the detached one at 57 0 ; at the fame time 
that another, placed on the banks of the Tyber one foot 
above the furface of the water, flood at 30.0168, the 
attached thermometer at 6o°.6, and the detached one at 
60 °. 2; what was the total height of this building above 
the level of the river? 


Obfer- 
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Obfervation below, at one foot above the Tyber. 

Barometer, Therm. Therm. 

attached. detached. 

In. 

30.0168 60.6 6o°.2 

56,6 

Difference of the two attached thermometers, 4.0 


Obfervation above, in the gallery of St. Peter’s church. 


29.5218 56.6 

Correct for the diff. of 1 

the two attached therm. J 120 


Height of the upper moft ^ 
barom. reduced to the ( Q 

heat of the lowermoft f 2 9*533 
viz. 60.5, — J- 


Tabular numbers cor 
refponding to, — 



300 

3 °8 


Feet. 

2119.7 

26.4'j 

2.6 f —-29.7 
7 J 


S7-° 

60.2 


2)117.2(58.60 mean heat. 

31.24 ftandard temp. 

27.36 difference. 


Diff. 

88.2 


2 9-533 8 * 2090.0 


Tabular numbers cor -1 
refponding to, — J 2 * 


0000 

100 8.7 

60 5.2 

'8 7 


I68I.7 

14.6 


3O.O168 1667.I 

2090.0 

Approximate height, 422.9 

Correction fdr 27°4 of heat on 422 feet, -f 28.0 
Difference of height of the barometers, 450.9 

Loweft barom. flood 1 foot above the river, +1.0 
Top of the crofs above the gallery was, +,50.0 

Total height of the top of the crofs 1 

above the river Tyber, — j S 0I *9 
The fame meafured the fame day geo-1 

metrically was, _ — J 5 02 - 3 


86.7 


1 Correction for 27°»4 | 

. 27°on j 

400 n 26 2 

22 = 1.4 

0.4 on 

400 z= .4 

27.4 on 

422=128.0 


When 
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When the-differenee of the heights of the.quickfilver 
in the. two barometers happens not to exceed or even 
■^of an inch (and this will frequently be the cafe in level¬ 
ling flat countries, or meafuring.fmali heights) in ,fuch 
drcumftances the moft convenient way of reducing the 
obfervations will be.by means of the column of differences 
only ; thofe numbers exprefling.the length of a column 
of the atmofphere. which correfponds to of an inch of 

quickfilver, at any afiigned height of the barometer. 

EXAMPLE IV. 

Suppofe the following obfervations had been made at 
the top and bottom of; any eminence; viz. at the top, 
barometer 89.985 inches, attached thermometer yo°5, 
detached thermometer 7 6 <i ;. and below, barometer at 
3 o-ofl v. attached thermometer 71°, and the detached 
eae 68 p ; what was the height of the eminence? 
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Obfervation below. 


Barometer. 

THerm. 

Therm. 

Tf«* • 

attached. 

detached. 

ill* 

30.0820 

0 

71.0 

7 °-S 

68.0 

Difference of the two attached therm. 

0 s 


Obfervation at the top. 

Barometer. 

Therm. 

Therm. 


attached. 

detached. 

In. 

0 

0 

29.9850 

70.5 

76.0 

Correct for 0°.5 of heat, + .00x5 

68.0 

Take *— — 29.9865 


2)144.0(72.0 mean heat. 

From — — 30.0820 


31.2 ftandard temp* 


ReihaiiisfthB difference ^ +40.8 difference* 

or fall of quickfilver in f 0.0955 - -- 

the barometer, -— * --■—* 


The difference for to at 30 inches = 86.7 feet. 

Corre£tion for 41 0 *. 

Ft. 

Fe«ti 


Therefore, for 0900 —. — 78.0 

41 &n 1 " 

1 2,7= ,3 

b05O — ■ - 4.3 


OOO C — —. 0.4, 

41° on 82.7= 8.3 | 

Therefore, 0955 inch of quickfilver, - 82.7 the approximate height. 

Correction for 41 0 on 82.7 feet, -t* 8.3 

Gives —— — 91.0 1 

- the true height. 


Now this was the height of the Tarpeian rock, or the 
weft-end of the Capitol-hill in Rome, above the con¬ 


vent of St. Clare, ill the Strada deifpeccbi. 

The preceding rules for determining heights above 
the furface of the earth will, I prefume, anfwer equally 
well for meafuring depths below it. 


TABLE 
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table 1. For the expanfion of quickfilver by heat, 

feep. 574. 















































































































586 Sir george shuckburgh’s Observations 

table n (f) . Giving the approximate height in Englifh 
feet, adapted to the temperature 31 "24 of Fahren¬ 
heit’s thermometer. 


Height 
of the 
Barom. 

Height. 

Diff. 


Height 
of the 
Barom. 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 

Inch. 

1. — 

2. :— 

3 * 

4 *—" 
5 * — 
6. — 

7 *— 
8.— 

9 - 

10. — 

11. — 

12. — 

J 3 -— 

15.00 

Feet. 

90309.0 

72247.2 

61681.8 
54185 4 
48370 8 

43619.9 
39603. 1 
36123.6 

33 ° 54-4 

30309.O 

27825.4 

2555 s -* 

23472.4 
2 * 541-3 
* 9743=5 

18062 

*0565 

7496 

5814 

4761 

4017 

3480 

3069. 

2745 

2484 

2267 

2086 

I 93 I 

*798 


Inch. 

16.10 

20 

3 ° 

40 

S? 

60 

70 

80 

90 

16.00 

10 

20 

30 

40 

5 ° 

Feet. 

19570.4 

19398.4 

19227.5 

i 9 ° 57*7 

18889.1 
*8721.5 

*8555-0 

18389.6 

18225.2 
18061.8 

17899.4 
17738.1 

17577*7 

17418.4 
17260.0 

I 73 .* 1 
172.0 
170.9 
169.8 
168,6 
167 6 
166.5 

165.4 

164.4 
163 4 

162.4 

161.3 

160.4 
159-3 
i 5 8 - 4 . 

Inch. 
16.60 
70 
80 
90 
17 00 
10 

20 

30 

40 

5 ° 

60 

70 

80 

o 9 ° 

18.00 

Feet. 

I 7 I 02*5 

16946.O 

1679O.4 

16635.8 

16482.1 

16329.2 
16177.3 
16026.2 
I5876.O 
I 5726 . 7 ‘ 
15578-2 
15430.6 

15283.8 

15137.8 
14992 6 

I 57*5 
* 5 $ 5 
i 55 * 6 
! 5 4.6 

*53 7 
152.9 

I 5 I *9 

151-1 

150.2 

H 9*3 

H8.5 

147.6 

146.8 

146.0 

145*2 


(f) This table bears fome analogy to the tables of lbgifrica! logarithms, being 
nothing more than the differences of the logarithms, of the height of the 
barometer from the logarithm of 32 inches multiplied by li»*. I* have chofen 
the logarithm of 32 for my term of comparifon^ that being the greateft pro¬ 
bable height that the barometer will ever be feen at, even at the bottom of the 
deepelt mines. Had I taken the mean height of the quickfilvcr at the level of 
the lea, it is true the numbers in the table would have more truly reprelented 
the heights in the atmofphere, correfponding to the given height of the quick- 
filvcr; but then, in computing fmall depths or heights from the furface of the 
fea, wc fiiould have been obliged fometimes to have changed the fig ns in the 
operation, which appeared to me lefs convenient. The mean height of the 
barometer at the level of the fea, from 132 obfervations in Italy and in Eng¬ 
land,- is 30.04 inches, the heat of the barometer being 55 0 , and the air 62°; 
fo that the term of companion in this table, viz. 32 inches, correfponds to an 
imaginary point within the earth at 1647 feet below the furface of the fea* 

TABLE 
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table 11. continued. 


Height 
of the 
Barom. 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 

Height, 
of the 
Barom. 

Height. 

Diff. 

Inch. 

18.10 
20 

3° 

40 

5° 

60 

70 

80 

9° 

19.00 

10 

20 

30 

40 

5° 

60 

70 

80 

90 

20.00 

10 

20 

30 

40 

50 

60 

70 

80 

90 

21.00 

10 

20 

30 

40 

5° 

60 

70 

80 

90 

Feet. 

1484.8.3 

14704.7 

14561.9 

14419.9 

14278.7 

14138.2 

13998.5 

I3859-5 
^7 21.3 
i35 8 3-8 
13447.0 
i33 l0 -9 
I 3 I 75- 6 

I 3O4I. I 

12906.9 
127736 
12641.0 
12509.1 
12337.0 
122472 

12117.2 

11987.9 

Il8C9.2 

11 73 1 - 2 

11603.8 

ii477 ° 

11350.0 

11225.2 

11100.2 

10975.8 

10852.1 

10728.8 
i 0606.2 

10484.2 

10362.7 

10241.8 
10121.4 

10001.6 
9882.4 

144-3 

143.6 

142.8 
142.0 

141.2 

140.5 

1 39*7 
139.0 

138.2 
137-5 

136.8 

136.1 
135-3 
134-5 
I34- 2 
133-3 

122.6 

1 3 1. 9 
I 3 I -3 

130.6 

13°.° 

129.3 

128.7 
128 O 

127.4 
126.8 

126.2 
125.6 
125 O 

124.4 
123-7 

123.3 

122.6 

122.0 

121.5 

120.9 

120.4 
1198 

119.2 

Inch. 

22.00 

IO 

20 

3° 

40 

5° 

60 

70 

80 

90 

23.00 

10 

20 

3° 

40 

5° 

60 

70 

80 

90 

24.00 

10 

20 

3° 

40 

5° 

60 

70 

80 

90 

| 25.00 
10 

20 

3° 

40 

5° 

60 

70 

80 

Feet. 

9763.6 

9 6 45-5 

9527.8 

9410.7 

9294.1 

9178-1 

9062.5 
8947.4 
8832 9 

8718.9 

8605.3 

8492.3 
8379-7 
8267.0 
8156.0 

8044.9 

7934-3 

7824.1 

77 I 4-4 

7605.1 

749^-3 

7388.0 

7280.1 

7172.6 

7065.6 
6959.0 

6852.9 
6747.2 
664I.9 

6537- 0 

6432.6 

6328.6 
6225.0 

6121.8 
6019.0 
5Q16.6 

5814.6 

57 I 3-° 

5611.8 

118.8 

118.1 
H7.7 

117.1 

1 i 6.6 
u6.o 

115.6 

11 5-i 

1 r 4-5 

114.0 

113.6 
113.0 

112.6 

112.1 

111.6 

111.1 

110.6 

110.2 

109.7 

io 9*3 

108.8 

108.3 
io 7-9 
io 7*5 
107.0 

106.6 

106.1 
I0 5-7 
io 5-3 

104.9 

104-4 

104.0 

103.6 

io 3- 2 

102.8 

102.4 
102.0 

101.6 

101.2 

rnch. 

25.9° 

26.00 

10 

20 

3° 

40 

|° 

60 

70 

80 

90 

27.OO 

IO 

20 

3° 

40 

5° 

60 

70 

80 

o 9 ° 

28.00 

10 

20 

3° 

40 

5° 

60 

70 

80 

90 

29.00 

10 

'20 

3° 

40 

5° 

60 

70 

Feet. 

55i i-o 

5410.4 

53< 0 - 6 

5210.9 

5 Li 1.6 
50.12 ;8 

4914.2 

4816.1 

4718.3 

4620.9 
4523-9 
4427-2 
433°* 8 

4234-9 

4139.2 
4044.0 
3949.0 

3854.5 

3760.2 

3666.3 
357 2 -7 
3479-5 

3386.6 
3294.0 

3201.8 
3 I0 9-9 

3018.3 
2927.0 

2836.1 
2745*4 

2655.1 

2565.1 
247S-4- 
2386.0 

2296.9 

2208.2 

2119.7 
2021.5 
1943.6 

100.8 

100.6 

99.8 
99-7 
99-3 

98.8 

98.6 
98 I 
97 8 
97 4 
97.0 

96.7 

96.4 
95-9 
95-7 
95-2 
95-o 
94-5 
94-3 
93 9 
93 6 
93-2 
929 
92.6 
92 2 

91.9 

91.6 

9 J -3 

90.9 

90.7 

9°-3 

90.0 

89.7 

89.4 
89.1 

88.7 

88.5 
88 2 

87.9 


4 G 2 


TABLE 
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table 11. continued. 


{«] 

mmM 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 

Height 
of the 
Barom. 

Height. 

Diff. 

Inch. 

29.80 

90 

30.00 

10 

20 

30 

40 

Feet. 

1856.0 

1768.7 

1681.7 
* 595-0 

1508.6 
1422.4 

1236.6 

I 25 I.Q 

87.6 

87-3 

87.0 

86.7 
86*4 

, 86.2 

85.8 
85.6 

Inch. 

30,60 

70 

80 

90 

31.00 

10 

20 

__ 32 - 

Feet. 

1165.7 

1080.7 
996.0 

9***5 

827.3 

743-4 

6 S 9-7 

576-3 

85-3 

85.0 

84-7 

84-3 

84.2 

83-9 

83.7 

83.4 

Inch. 

31.40 

5 ° 

60 

70 

80 

90 

32.00 

Feet. 

493 -a 

410.4 

327.8 

245-4 

1634 

81.6 

00.0 

83.1 

82.8 

82.6 
82.4 
82.0 
81.0 

81.6 


TABLE 
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table iv» For the expanfion of the air, or correc¬ 
tion of the uppermoft height, fee p. 576. 


Deg 

Approximate height in feet* 

O 

1000. 

2000. 

3000. 

4000. 

5000. 

6000. 

7000. 

8000. 

9000. 

I 

2.4 

4-9 

7-3 

9-7 

12 1 

14 6 

17.0 

19.4 

21.9 

2 

4-9 

9*7 

14.6 

194 

24*3 

29.2 

34 0 

38.9 

43-7 

i 

7-3 

14.6 

21.9 

29.2 

s 6 -4 

43-7 

51.0 

58.3 

656 

4 

9*7 

19.4 

29.2 

38.9 

48.6 

583 

68.0 

77.8 

87-5 

5 

12.1 

24-3 

3 6 -4 

48.6 

60.7 

72.9 

85.0 

97.2 

109.3 

6 

14.6 

29.2 

43-7 

58.3 

72.8 

87-5 

102.0 

116.6 

I3I.2 

7 

17.0 


51.0 

68.0 

85.0 

102.1 

119.0 

136.1 

- 153-0 

8 

19.4 

38-9 

58.3 

77-8 

97 -i 

116.6 

136.0 

* 55-5 

i? 4-9 

9 

21.9 

43-7 

65.6 

87-5 

io 9*3 

131.2 

153-° 

i 75 -o 

196.8 

10 

24*3 

48.6 

72.9 

97.2 

121.5 

145 8 

170.1 

194.4 

218.7 

u 

26.7 

53*5 

80.2 

106,9 

*33 6 

160.4 

187.1 

213.8 

240.6 

12 

29.2 

58-3 

87-5 

I l6.6 

145.8 

175.0 

204.1 

233-3 

262.4 

13 

31.6 

63.2 

94.8 

126.4 

157-9 

i 8 9-5 

221.1 

252.7 

284.3 

14 

34 -o 

68.0 

102.1 

136-1 

170.1 

204.1 

238.1 

272.2 

306.2 

IS 

3 6 -4 

72.9 

109.3 

145.8 

182.2 

2 l8.7 

255 - 1 

291.6 

328.0 

16 

38.8 

77.8 

116.6 

155-5 

• 194-3 

233-3 

272.1 

3 ”jO 

349-9 

17 

4 i -3 

82.6 

123.9 

165.2 

206.5 

247.9 

289.1 

33°-5 

371-7 

18 

43-7 

87-5 

131-2 

i 75 -o 

218.6 

262.4 

306. 1 

349-9 

393-6 

19 

46.1 

92 3 

138.5 

184.7 

230.8 

277.0 

323 - 1 

369-4 

4 I 5-5 

20 

48.6 

97.2 

145.8 

194.4 

243.0 

291.6 

340.2 

388.8 

437-4 

21 

51.0 

102.1 

153-1 

204.1 

255 - 1 

306.2 

357-2 

408.2 

459-3 

22 

53-5 

106 9 

160.4 

213.8 

267.3 

320.8 

374 2 

427-7 

48l.I 

2 3 

55-9 

hi 8 

167.7 

223.6 

279.4 

335-3 

391.2 

447 1 

q 

CO 

0 

*0 

24 

58-3 

116.6 

* 75 -° 

233*3 

291 6 

349-9 

408.2 

466.6 

524.9 

, 2 5 

60.7 

121*51 

l 82.2 

243* 0 

3 ° 3 - 7 . 

3645 

425 2 

486 0 

546.7 


1 


TABLE 
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table iv. continued. 


Deg. 

Approximate height in feet. 

O 

1000 

2000. 

3000* 

‘4000 

5000. 

6OOO. 

7000. 

8000. 

9000. , 

26 

63.1 

126.4 

189.5 

252.7 


379 - 1 

442.2 

5 ° 5-4 

568.6 

27 

65.6 

13 1 - 2 

196.8 

, 262.4 

328.0 

393-7 

459 2 

524.9 

59°-4 

28 

68.0 

136.1 

204 1 

272.2 

340.1 

408.2 

476.2 

544-3 

612 3 

29 

70.4 

140.9 

2M.4 

28l.9 

352 3 

422.8 

493-2 

563-8 

634.2 

30 

72*9 

145.8 

218.7 

291 6 

364-5 

437-4 

5 IO -3 

583-2 

656.1 

3 * 

75-3 

150.7 

226.0 

301.3 

376.6 

452.0 

527-3 

602.6 

678.0 

32 

77 * 8 

J 55 5 

233-3 

3H.0 

388.8 

466.6 

544-3 

6.22.1 

699.8 

33 

80.2 

l60.4 

240.6 

320 8 

400 9 

480 1 

56 i -3 

6 4 i -5 

721 .7 

34 

82-6 

165.2 

247.9 

33°-5 

413 1 

495-7 

578-3 

66l O 

743-6 

35 

850 

170a 

255 - 1 

340.2 

425.2 

510.2 

595-3 

68O.4 

765-4 

36 

87.4 

i 75 -° 

262.4 

349-9 

437-3 

524.8 

6l2.3 

699.8 

7 » 7-3 

37 

89.9 

179.8 

269.7 

359-6 

449-5 

539-4 

629^3 

7 ! 9-3 

809.1 

38 

92-3 

184.7 

277.0 

3 6 9 4 

46l.6 

553-9 

646.3 

738-7 

831.0 

39 

94-7 

189.5 

284.3 

379 - 1 

473 - 8 

568.5 

663.3 

758-2 

852.9 

40 

|. 97 - 2 

194.4 

291.6 

388.8 

486.O 

5 8 3-2 

680.4 

777 - 6 

874*8 

4 i 

99 6 

199-3 

2989 

39 8 5 

498.1 

597-8 

697-4 

797.0 

896.7 

42 

102.1 

2O4..I 

306^2 

4O8.2 

5TO.3 

6124 

714.4 

816.5 

9 i8 -5 

43 

IO4.5 

209,0 

3I35 

418.0 

522.4 

626.9 

731-4 

835-9 

940.4 

44 

106.9 

213-8 

320 8 

427.7 

534-6 

641.5 

748.4 

855 4 

962 3 

45 

IO9.3 

2l8.7 

328 0 

437-4 

546.7 

656.1 

765 4 

874.8 

984.1 

46 

in. 7 

223 6 

335-3 

447 - 1 

558.8 

670.7 

782 4 

894.2 

1006 0 

47 

114.2 

228.4 

342 6 

456 8 

57 i-o 

685.3 

799 4 

9 I 3-7 

1027.8 

48' 

116.6 

233-3 

349-9 

466.6' 

583.1 

699.8 

816 4 

933 - 1 

1049.7 

49 

119.0 

238.1 

357-2 

476.3 

595-3 

7 H 4 

833-4 

952.6 

1071.6 

. 50 

121.5 

243.0 

3 6 4-5 

486.O 

607,5 

729.0 

850.5, 

972 0 

1093-5 


Table 
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Table of heights taken by the barometer, 8cc. 

4- or — the Above the 

Lake of Geneva. Mediterranean* 


The Lake of Greneva, from 18 obfervations, ~ 
Greateft depth of the Lake, —- — 

Cluie, at the Croix Blanche, firft-floor, (b) a, 
Chamouny, ground-floor ofHhe inn near the foot of 1 
Mont Blanc, 4 — —- —- | 

Tlie Montanvert, at the Chateau, 1 — 

The fource of the river Arveron, at the bottom of thej^ 


Feet. 

O 

393 

+ 


+ 

+ 

+ 

+ 

+ 


Vallee de Glace, 1 — — 

Salenche, at the inn, fecond-floor, 1 
La Bonne-Ville, ala Ville de Geneve, fecond-floor, 1 
Chatlaino, country houfe near Geneva, ground-floor, g 
The ball on the higheft, or fouth-weft, tower of St. 1 
Peter’s church in Geneva, o — — J 

St. Joire, in a field at the foot of the Mole, g —■ 

Summit of the Mole, ~ — _ — —* 

Pitton, higheft point of Mont Saleve, o —» 

The Dole, lfigbefbfummit of Mont Jura, g — 

The Buet, G — — — ~~ — 

Aiguille d’Argentiere, g «— — — 

Mont Blanc, g — — — 

Frangy, at the inn, firft-floor, below the Lake, 

Aix, a la Ville de Geneve, firft floor, below the Lake, 
Chambery, au St. Jean Baptifte, firft-floor, below the:Lake,— 352 
Aiguebelle, at the inn, firft-floor, below the Lake, — 190 
La Chambre, at the inn, firft-floor, above the Lake, 4 337 
St. Michael, at the inn, firft*floor, — + 1113 

Modane, at the. inn, firft floor, — —. 4. 2220 


**37 
5001 
2426 
664 
245 
178 

«49 
671 
+' 4883 
.3284 
+ 4293 
+ 8894 
+12172 
+14432 
— 166 
378 


Feet. 

1381 

33 6 7 

6231 

3656 

*94* 

*47S 


2902 
6113 
45*4 
S523 
10124 

13402 

•1566a 


*343 

3450 


(g) More corre&ly 1228 feet, but I have taken it at 1230 in round 
numbers. 

(b) The figures at the end of fome of the names {hew. the number of obfer¬ 
vations that were madej and the letter g indicates fuch obfervations to have 
been geometrical. 
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Table of heights, 8cc. comiauecU 

•4“ or —• the 
lake of Geaeva. 

Feet. 

Lannebourg, the foot of Mont Cenis,at the inn, firft-floor, -f 317.^8 
Mont Cenis, at the Poll , — *— -f 5031 


. at the Grande. JCroix, — 


+ 4793 


- 99O 

1^28 
1244 
* 164 
1240 

1830 

+ 29 

- 1084 


Above the 
Mediterranean. 

Feet. 

4408 

0261 

6023 

2741 


94 * 

263 

3^7 

399 

* 59 ! 


N ovale fe, the foot of Mont Cenis.on the fide of Italy, 1 , 
at the inn, fit;ft* floor, .■— — J + ? 

Boucholin, on the firft-floor, — + 21,3 

St. Ambroife, on the firft-=floor, below, the Lake, 40 

Turin* rfl’Hotel d’Angleterre, fecond-floor, 4 -*-289 

Feliflano, near Aleflandria, firft-floor, 1 — 671 

Piacenza, St. Marco, firft-floor, I >■*- —* -r 967 

Parma, au Paon, firfl-floor, 3 — — 923 

Bologna, au Pelerin, firft-floor, 3 — — 831 

Loiano, a little village on the Appenines, between! 

Bologna and Florence, — — J 

The mountain Raticofa, the higheft point of the Ap- -] 

penines the road pafies over, i| miles beyond File- > -f 1671 29O1 

caije in going to Covigliaje, — — * 

Florence, nel Corfo dei Tintori, 50 fedt above the! 

Arno, which was 18 feet below the wall of the quay, 3 j “ 

Pifa, aux Trois Demoifelles, fecond-floor, 4 — — 

Leghorn, chez Muftcrt, fecond-floor, 2 — — 

Siena, aux Trois Rois, fecond-floor, 2 — •- 

Redicoffani, ajt the Poft, firft-floor, above the Lake, -f 

- — — the top of the tower of the old fortifica-1 

tion on the fummit of the rock, — j 

Viterbo, aux Trois Rqis, firft-floor, on the Ciminus 1 
of the Ancients, — — J 

Rome, nel Corfo, 61 feet above the Tyber, 7 


+ 240 

+ S& 
+ 3 8 
1066 
2470 

30:60 

1259 

94 


( 1 ) The rocks on each fide the plain, where the poft-houfe ftands, arc at leafi 
3000 feet higher than this fituation; and it is from the fnow on the tops, and 
through the crevices, that the lake on this plain is formed, which gives rife to 
the Dora, and may be called one of the fources of the Po. 
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Table of heights, 8cc. continued. 


Above the 
River Tyber. 

Feet* 

The Level of the river Tyber, — —- 

The top of the Janiculum, near the Villa Spada, — 260 

AventineHill, near the Priory of Malta, — 117 

In the Forum, near the areh of sever us, where the! 

ground is raifed 23} feet, — — J ^ 

Palatine Hill, on the floor of the Imperial palace — *33 

Celian Hill, near the claudi a n aqueduft, —* 125. 

Bottom of the canal of the cl Audi an aqueduft, — 175 

Efquiline Hill, on the floor of St, M. Major’s church, 154 

Capitol Hill, on the Weft-end of the Tarpeian rock, 118 

In the Strada dei Specchi, in the convent of St. Clare, 27 

On the union of the Viminal and Quirinal Hills, in the 1 

Carthufian’s church, otocles. Btths, — J 141 

Pincian Hill, in the garden of the Villa Medici, — 16$ 

Top of the crofs of St. Peter’s church, — 502 

The bale of the obelilk, in the center of the Periftyle, 31 

The furpmit of the mountain Sora&e, lying about 20| 1 
geog. miles N. of Rome, g — «— J 

The fummit of Monte Velino, one of the Appenines, y 
covered with fnow in June, about 46 geog. miles 
N.W. of Rome, and which is probably the higheft 
of the Appenines, g 


1 


* u j 


Above the 
Mediterranean* 

Feet. 

33 


Naples, Cafa Ifolata on the Chiaia, 27I feet above! 

the lea, 5 — — — l 

Mount Vefuvius, mouth of the Crater from whence 1 
the fire iflhed in 1776, ~ ' ' I 


2271 


&397 


4 or —the 
Lake of Geneve, 


3938 W 

Table 


(k) Sir william Hamilton informed me, that the height of Vefuvius, as 
taken by Mr. de saossure of Geneva in 1772, with only a barometer of Mb. 
jde LueVconftru&ion, and according to his rules, was 3659! French feet :r 
390o Englifh, which agrees pretty well with mine. But the Padre della 
torre pretends to have found the height of Vefuvius in 1752 (fee p. 44. of 

his 
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Table of heignts, 8 cc. continued. 

4. or — the Above tfce 
Lake of Geneva. Mediterranean! 

Mount Vefuvius, at the bafe of the cone, —. — 202 c 

Top of the mountain Somma, — — 3738 

The fummit of Mount /Etna, — — 10954'fO 

The following heights are determined from correfponding obfervattions by 
Mr. messier at Paris, whofe barometer is fuppofed 108 feet above 
the fea. 

Barberino di V aldenfa, between Boggebonri and Taverneile, 

Modena, a l’Albergo nuovo, — — 

Montmelian, at 20 feet abovethe river, — 

Monte Vifo, by an obfervation from Jurin, by means 1 
accurate, g — — — J 

Monte Rofa, as meafured geometrically by the Father 
beccari a, being the fecond mountain of all the > 

Alps, — — — — J 

Pont Beauvoifin, — — — —* 705 

La tour du Pin, 4 — —* 938 

Verpilli^re, — — — — 566 


974 

214 

8it 

9997 

13084 


his Hiftory of this Mountain) =r 1677 French feet only, the difference of his 
barometer at the top and at the level of the fea being no more than 23! French 
lines =: 2.065 Englilh inches, which was certainly a miftake of little lefs 
than 2000 feet in the refult. The Abbe nollet in 1749 found the fall of the 
quickfilver 40 lines =2 3.55 inches Englifh; and, if this obfervation is to be 
depended upon, the fummit of this volcano has rifen within thefe 27 years 
more than 330 feet perpendicular. 

( 1 ) I have ventured to compute the height of this celebrated mountain from 
my own tables, though from an obfervation of Mr. de saus sure's in 1773, 
which that gentleman obligingly communicated to me,' It will ferve to fhew, 
that this volcano is by no means the higheft mountain of the old world ; and 
that Vefuvius, placed upon Mount ./Etna, would not be equal to the height of 
Mont Blanc, which latter I take to be the moll elevated point in Europe, Alia, 
or Africa. 

The circumference of the vifible horizon on the top of Mount /Etna, allowance 
being made for refra&ion, which I eflimate at 6', is 1093 Englifh miles. 

4 H 2 Table 
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'fable of heights, Ste.continued. 


+ or — the 
Lake ofCeneva, 


Lyons, at the Hotel'Blanc, perfect abovetheSadfie, 

St. J£air fe vieux, — — 

Cordon, near the poft-houfe at the foot of the rocks, 
Nantua, i o feet above the Lake, — — 

Cliatilion, at the Logis Neuf, — — 1 

Colonges, — —* — — 

St. Genis, apparently on afevef with the fOot of Mont Jute, 
Geneva, at i oo feet above* the Lake, 5 — * 

Macon-, at the Parc, 24 feet above the Saone — 

Dijon* a la Cloche, the firft-floor, — —» 

Mountain of Maraifelois C ») 9 4I miles beyond Viteaux 1 
towards Dijon, — — J 

Lucy-le-bois, — —* — — 

Auxerre, 50 feet above the river, — — 

Sens, at the Poll, — — — 

Fontainbleau, at the Grand Cerf, fecond-floor, ~ 


Above the 
Mediterranean 


X^Of 

1268 i» 


(tri) From this comparifon with Mr, messier’s obfervations at Paris, which 
makes the Lake of Geneva-only; 1168 feet above the level of the fea (whereas 
from 18 obfervations in Italy* near the fhore of the Mediterranean, it appears 
robe 1228, vi%. +60 feet different) I am inclined to believe, that Mr. Mes¬ 
sier’s place of obfervation is about 50 feet higher than I have fuppofed it, viz- 
r6o feet above the fea inftead of 108, as deduced from three obfervations only at 
Boulogne, Calais, and at Dover. If this be allowed, die fame number of feet 
imdhber added alfty to, all die other, heights that are determined by comparifon 
with Mr. Messier’s obfervations; I am, however, by no means fure of this, 
but leave it to future obfervers*. 

(n) On one fide of this mountain is a little ftream called Amancon, that 
joins the Yonne and the Seine, and thus goes to the Atlantic; while on the 
other fide is found the Ouche, which, uniting with the Saone and the Rhone, 
runs to the Mediterranean; this part of Burgundy then feems to be one of 
the high eft in France. 


5 


Table 
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Table of heights, &c. continued. 


or — the 
SeiAe at Pane. 


Above the 
Mediterranean* 


Paris* meM*'bright or the Seme, that % quand /#v 

eaux fe irouvent a 13 puds 9 pouets fur VechelU duj 36 J 

Portt Royedfehn M. DELA DAnOe,* ■*- * 

Place of my own obfervations iirthe Rue Jacob, fecond-1 

floor, — — — J 

Mr. messier’s obfervatory, at the H6tel de Clugny, 1 
flrft- floor, — — — J 

Mr. de la Lande’s ditto, at the College Royal*firft-floor. 

Place of Monf. le Fere cottes’s obfervations at Mont- 1 
morency, to mites-'North of Paris, — J 

Stone-gallery of the Church on Mont Valerien* 

Depth of the cate of the Royal Obfervatory at Paris! 

below the pavement, — — j 

The fame, according to-Mr. de l a lande, by 
meafurement*. —- — — 

Height of the north tower of the church of Notre T 
X>ame above the floor, — ~ 1 

-- by a&ual meafurement, — 

Chantilly, — — 1*9 

Clermont, ~ . —* —* *— 329 

Amiens, RuedeNoyon, firft-floor, — — 147 

Ahbeville, firfl-floor, — — — 79 

Below the mean 
height of tht Seine. 


+ sr 

T* 

tor 

333 

473 

98 

aaof 

zt«$ 


Boulogne, mean level of the fea* from one obferv. only, 

—33.9 


Calais, ditto, from- one obfervation, — — 

—388 


Dover, ditto, fron* three obfervations made two years! 
preceding thole at Calais and Boulogne, — j 

—36.6 


Mean height of the river ^/Thames at London above n 
the mean height of the river Seine from five direft > 

+ 6.8 


companions with Mr. messier, — J 

And confequently the Thames at London above the fea, 


43 

Warwick, mean level of the river Avon, —- 


*SS 

Sbuckburgh-houfe, in Warwickfhire, — 

— 

560 


(0) By the mean height of the river Thames-is underftood when the water 
ia- t5J feet below the pavement in the left-hand arcade at Buckingham-flairs.. 






















































































A Section of the ^Mountains as they appear from the Plain of Geneva in their true] 



3 ~ ooo 


AB 2 c C Y)-rc/eJVjent'tii*Zei'el atith t/u Lake of Geneva. JVT/. Jtfbnl Jtfan#*The d r * 4 iyentitle, 3 

£,J\don£ Sa/eix:, e^yjTtieLet/et of'dtiethe^foot of ^L lift it tBhine ,y. h. %s 4 ~ tine that eafiref/e/ h 
tie/ cmuita/vtlt/ the w/iate'Smnati/r. r.k.dheuv thectfitii ef'dieZa/cef'zceardtny to * 1/T. 1£Jftrtfiartionotidy to the%tl£e«/n 
atideot/i//rt, hth#./laimt to to/ititi4ZnhahUa/Uo of'Chaarioit/ri// relate tohaa/€' afvended, d*yfff3.'ttiftiyJ\?Z’J*nfifu£e 
t/u’Mev deGlac e, on /die Vatief of' C/iO/ntotin/y , <A ? the Jttiton ojtiSadene/, 




43'o'y: 

















































jEnd 2 
o/'theJBase 



PartotJftJara 
Opposite thetfole 

Vdrons 


Jodyi.y + 21.? <7.3 4 4212. S 3 

j <* 

12J0-3 +o'.4-7 ' 24 *7 *2 






30 J& 3-3 +4-. ty.12 3064. J 7 3178 6 

&4&31'5 + 3- * * *& 4#43 2 3 4SSS. 

J / 7* 

#2072.3 + 2 . 41 :33 4 <?^? . 7 24 4 2^. ^ 


\+2 . 21 .33 \ #£73 . # 47 SSS8 3 



The lAdmut/i of* the ^ Tfoie % ft'om, SrT/ern’ ip CCfyAy. S.T> 

JVote The dottedTiyurea in the Cedunm t added Corrected. Any te unth thelTaridotv, ar/tnyp 
the Ju/t/io/ed effi’et ofJie/inchbn udu'ch hao teen mode iijeof' in the Cam/iatattbna . 


Heights finally reduced. 

t ^a/eiw 3 & 8 $ • t> 

Q)a/cs 48 & 1 - f 

^/z/a/e 4 &#&'.& 

J$uet (?<?d 3-7 

tj^iyendere ✓ ,e / y / . <9 

(2-d/ont —Cdbitic *4 43*1 ■ 5 


Afeezrt he/y/itf 
above t/ieXa/ce 
enTZrty&dtT’ect 



ThelAeiy/Uo/^theZahe ed reckoned l/eet&Tidiee 
{'data the Siemmdo/^ttiedVcat/iTterre d^/ZTdan^^^^k 11 .|| 
3 y, bdaco die South one/Sytajtty 84yi- be/aus 

oydie SJ1CTauterof'STTct&M. C/uaecti. \ 'x MI 





































































( .A ofe. ekelktfz&ute of* Genera m .p 

\ ---- ofMont J 3 lane 

l Jscngitiude/rvmGenet'a .- .o ;4$%r J@ast. 





























/ 


. LnglifhMiles. 

j . j .f j f-j- 


Minutes of aDegree of Latitude . 

=t.=t= d - ->— 




70 


Minutes of Longitude inLat 46.0. 
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E R R A T A. 

Page Line 

58, 9. /orcom m m u nlca te, read communicate, 

85, 15. forX LVIH, read LIV, 

j 28) 4. from the bottom, for “ and nbt all” read “ and not at all” 

13 #, 162nd 17. for (as the millers term it when no Iron is concerned)' read (as the 
millers term it) where no iron is concerned 
16a, 6. for Satellites, read Satellite* 

165, 9* /orineptats, read ineptas 

258* 5. from the bottom^/or but, rW long 

258, a. from the botttom, /or long, read bat 

354* 2* /*r the year read the year 1776. 

475* *3* ./or credulitity, read credulity 

518, 7. from the bottom, for * 

* * 1 2000 20,000 

5 * 9 » 7 - f" *3 3 °. 3 +'. 'V' 23 3 °. 53 '* * 5 " 

520, 4. Z. c by 4th obfervation=9°j 59V o"—9 0 , 38', 1$'* 

5 2 r, 2. for mountains^ mountain^ 

522, 2. for correct for the fignal gg'^read 

530, 5. for read 25,702$ 

541, 4. /*r above at C. above at B. 

5 45, 11. for correct height in fathom 686,619, read 685,619 

546, 8. for difference of Log. 654,15 7, read 65 4,109 

547, 11. for (in p. 556), read (in p. 53 2). 

556, 17. for vtwo, read too 

56©, t* for feet, r^grains 

t 3 . /*n 335 8 > 5 » W 13558,5. 

562, 12.. /&r barometer, read manometer 

568, 5 % from the bottom,^/* T — S X L — e —0CrS»— -.v, read ^ * —- rrS — 

569, 19. dele the femicolon after quantity, and infert it after infiance 

578, 5. from the bottom, for the attached Therm, read the two attached Therm* 

585, 2. ready fee p. 974 and 56; 

in the-column for 25 inches, and again It 21 for 55,2, read 53,1 

586, 3. add, fee p. 568 and 569 

In the 4th col. of the table at the top* frr *$ 9 10, read i$,iQk 
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A IS ft' f 11 -ff/ltYJrttf Mr Lrtvi /^r [,^J(r ij' triUPVa t Wi JU-'t/f /t/ttfTf H V 7 rr. rfi ityfUttfW . J. 7 %r --^- TMi- . l/rfA- .' 
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n'tiT'&ttrJfif Mr u 4 "'h A~it tit tin i-. rjt'.^Aviw Ati' t/ffltfi <■/ '*&* £tt*A r 'tirrmtiiitty fn u l/r, // .flnytjrrfci , *wLfv it'lft r * AiY rty « .!■« ftiw y 'P ^ ' 
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